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Falls are a major public health problem for older people worldwide.  Although there 
are many studies of falls risk factors and falls prevention interventions, the majority 
of these have been undertaken in Western countries.  Recently, there is growing 
evidence of differences in some risk factors and acceptability of some interventions 
between countries and cultures that mean that data on risk factors and effective 
interventions cannot necessarily be translated between countries.  Malaysia is 
projected to become an aged nation by year 2035.  This demographic change sees 
older people forming a more significant part in the Malaysian society.  This situation 
creates the need for preventive action to minimize the impact of the problems 
associated with ageing, such as falls.  Therefore, the magnitude of the problem of 
falls and associated contributory factors needs to be defined in the Malaysian context, 
and management strategies should be designed within the context of local needs and 
the Malaysian primary and public health care systems.  Studies presented in this 
thesis aimed to provide a basis for planning falls prevention interventions of relevance 
to specific identified risks in the Malaysian population.  The main objective is to 
identify the prevalence of falls, balance impairment and contributory falls risk factors 
among community dwelling adults aged 50 years and above in Malaysia, and to use 
this data to develop and evaluate the effectiveness of a targeted exercise program to 
improve common balance impairments in community dwelling adults aged 50 years 
and above in Malaysia. 
 
A cross-sectional study was conducted using convenience sampling, with 
retrospective recall of falls in the past 12 months as the primary measure (study 1).  
Participants were recruited from the membership of the University of Third Age (U3A) 
of Malaysia, on a voluntary basis.  Participants underwent a comprehensive 
assessment of falls risk factors and balance impairment. 
 
A total of 156 participants were recruited, with more than half of the participants (56%) 
being females.  The age of participants ranged from 50 to 78 years old, with median 
age being 63.0 years (IQR = 6.5).  The majority of the participants were Malays 
(83.3%), most were married (76.3%), 81% were not working and 6.4% lived alone. 
Forty nine (31.0%) participants fell, with 26.6% experiencing one fall and 4.4% having 
two or more falls within the previous twelve months from the date of interview.  Trip 
and slip were the most prevalent cause of falls, accounting for 76% of falls.  More 
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than half (55%) of falls occurred in the afternoon and while participants walked inside 
the home (32.7%), outside home (30.6%), and 36.7% were in community areas.  
Among those who fell, it was noted that 40 (82%) suffered injuries and 18 (37%) 
required medical treatment and 6.1% reported a severe injury such as fracture or 
dislocation.  A major finding indicated more than half (84%) of participants had 
balance impairment during turning.  Three measures of balance and mobility were 
significantly different between fallers and non fallers.  Fallers showed slower walking 
speed, more sway during turning, took longer time to turning and poor single limb 
stance.  Multiple regression analysis showed that the visual contrast sensitivity, back 
pain, and turning sway were significantly associated with fall, and accounted for 
71.8% of the variance of risk factors.  A Two-way ANOVA indicates there were no 
differences for fall risk factors between gender and three age groups (50-59, 60-69, 
and 70 years and above).  Interestingly, the present study found that the younger age 
group had more falls than older age group.  Factor analysis was used to determine 
an abbreviated suite of measures for future research and clinical practice.  Study 
results indicated that four factors incorporating static (static stance) and dynamic 
(turning and leaning) components would be recommended when assessing balance 
and mobility performance. 
 
Results from the cross-sectional study were used to develop and evaluate the 
effectiveness of a targeted exercise program to improve common balance 
impairments, including the turning impairment identified in the previous study, in 
community dwelling adults aged 50 years and above in Malaysia.  A single blind 
randomised controlled trial was conducted involving community-dwelling aged 50 
years and over, who were identified in study 1 to have impairments of balance during 
turning.  A 16 week home based exercise program with a focus on exercises aiming 
to improve turning was used for the intervention group (a specific focus on turning 
exercises were used based on the results of study 1), while the control group 
maintained their usual activities.  A two way repeated measures ANOVA indicated 
significant interaction effects for turning and balance/mobility measures.  The 
intervention group significantly improved relative to the control group for (1) sway 
when turning 180 degrees, F(1,65)=8.653, p=0.005), (2) time to perform 180 degree 
turn, F(1,65)=8.903, p=0.004), (3) Timed Up and Go (TUG) (single task) 
(F(1,65)=6.174, p=0.016), (4) TUG (dual task) (F=8.124, p=0.006), and (5) static 
stance sway (F= 11.614, p=0.001).  The study also highlighted that participants in the 
intervention group with high exercise adherence had a significantly better 
improvement on turning sway performance than those with lower adherence. 
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The findings presented in this thesis provide insight into the circumstances, 
consequences and correlates risk of falls in the Malaysian context, and highlights that 
falls are a common problem among community dwelling Malaysians over the age of 
50 years.  Results also highlighted that one of the main factors differentiating fallers 
from non fallers that has rarely been investigated in the past is unsteadiness during 
turning activities, and this risk factor warrants further investigation in terms of 
contributory factors and potential interventions.  In accordance, an individualized 
home exercise program that included specific exercises to improve turning ability was 
found to be effective in improving turning performance in older adults.  The study 
findings highlight the need for a strong focus on fall prevention in the primary 
healthcare system and implementing culturally appropriate and effective fall 
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Falls and fall related injuries are recognised as common events that have become a 
major public healthcare concern, especially among older people.  Falls problems and 
their consequences have also been known as one of the “giants” of geriatric medicine 
(Clements, 2008; Close, 2001).  Because of the rapid growth in aged populations in 
many countries around the world, and the increase in falls with increasing age, it is 
now one of the most common and serious health problems in the older adult 
population.  Studies have reported that approximately one third of older persons 
residing in the community fell at least once in a year (Blake et al., 1988; Cevizci et 
al., 2015; Dolinis et al., 1997; Kojima et al., 2008; Stevens et al., 2008; Tinetti et al., 
1988).  These falls resulted in serious injuries in 10-20% of cases, and 2-6% resulted 
in fracture or other serious injuries (World Health Organisation, [WHO], 2007) and 
these risks increase with age (Cumming, 1998; Faul et al., 2016). 
 
Although there are many studies of falls risk factors and falls prevention interventions, 
the majority of these have been undertaken in Western countries.  There have been 
a small number of studies that have reported falls incidence in Asian countries (Hua 
et al., 2007; Kwan et al., 2011a; Sohng et al., 2003).  Previous Asian studies have 
indicated varying proportions of older people who fall, with between 10% and 31% of 
older people falling in a 12 month period (Hua et al., 2007).  Differences in age, racial 
background, socio-demography, environment and population settings, life-style 
related to diet, activity, sunlight exposure, body dimensions, and culture between 
countries might all contribute to the differences of fall prevalence reported, and such 
factors may produce variations in the rate, circumstances and consequences of falls 
across different regions of the world (Bekibele & Gureje, 2010).  Additionally, 
differences in sampling or recruitment, and methods of data ascertainment 
(retrospective vs prospective falls data), and possibly cultural differences in 
willingness to report specific health problems such as falls, may account for some of 
these differences.  Research is needed to identify prevention strategies that will be 




Falls are caused by multiple factors and are influenced by interaction between 
intrinsic and extrinsic factors.  The cause of falls in individuals also varies, thus a falls 
risk assessment can provide a comprehensive perspective of an individual’s risk.  
Furthermore, a detailed assessment of fall risk factors and fall risk characteristics at 
individual levels can also be used as a basis for informing an appropriate fall 
prevention intervention.  Balance impairment has been reported to be one of the 
strongest risk factors for falls (Graafmans et al., 1996; Muir et al., 2010). 
 
Malaysia is an upper middle income country in south-east Asia with a total population 
of 29,864,600 (Department of Statistics Malaysia [DOSM], 2013) and has a growing 
ageing population.  Globalisation and socio-economic development towards 
becoming a developed nation by year 2020 have brought a significant impact on the 
quality of life of the Malaysian older adult population (Tengku Aizan, 2012).  
Increasing longevity and declining fertility among Malaysia’s population has 
accelerated the growth of the older population in Malaysia (Mafauzy, 2000).  Malaysia 
will achieve aged nation status sometime between 2030 and 2035, when 15% or 
more of the total population are classified as old (> 60 years of age) according to 
projections by the Department of Statistics of Malaysia (Tengku Aizan, 2012; Yin Fah 
et al., 2010).  In line with the National Policy for Elderly (NPE), Malaysia has goals of 
empowering individuals, families and communities through provision of elderly-
friendly services and enabling environments to improve wellbeing in old age.  Thus, 
early identification of the various aspects of local healthcare demands and baseline 
data to inform culturally appropriate intervention programs are seen as crucial. 
 
In Malaysia, little is known about falls and injuries and contributory risk factors among 
older persons.  Currently, there are no national Malaysian figures for falls prevalence 
among adults aged 50 years and above.  There are two studies that have explored 
falls in community dwelling older people in Malaysia.  One study investigated 516 
older people (aged 60 years and above) who lived in the community, and reported a 
prevalence rate of falls of 27.3% (Rizawati & Mas Ayu, 2012).  However the analyses 
in this study were limited to extrinsic risk factors (environmental factors causing falls).  
The other study by Sazlina et al. (2008) investigated the prevalence of falls among 
151 community dwelling older people who attended a primary care clinic with varying 
health problems, and found the prevalence of falls was 47%, and that 57% of fallers 
reported recurrent falls in a 12 month period.  Both of these studies reported that 
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more than 50% of falls occurred at the home, and most frequent causes of falls 
recorded were slips on the slippery flooring, particularly in toilets and bathrooms. 
 
Given the limited research undertaken in determining the magnitude of the problem 
of falls and associated contributory factors in the Malaysian context, this needs to be 
a research priority.  Management strategies should be designed within the context of 
local needs and the Malaysian primary and public health care systems (Hamid, 
2012).  
 
Going by the definition used by Cowgill and Holmes in 1970 (Chen and Jones, 1989), 
Malaysia’s society will be categorized as “mature” in 2020, when the percentage of 
the older population aged 65 years or over will reach the seven percent mark and the 
population median age will reach 30 years old (Hamid, 2012).  Furthermore, by 2030, 
Malaysia is projected to become an aged nation, where 15% of the population will be 
aged 60 years and above.  This is compared to just 7.8% of the population aged 60 
and over in 2010 (Hamid, 2015). 
 
The added years to life is reflected in the Malaysian national life expectancy statistics.  
Malaysian males born in 2015 can expect to live for 72.5 years while females born in 
the same year can expect to live to an average of 77.4 years (DOSM, 2015).  An 
older man aged 60 years or over in 2010 can look forward to another 18.4 years of 
life, while it is 20.9 years for older women.  The changing age structure and shifting 
demographic trends in fertility, mortality and life expectancy have resulted in a rapid 
ageing of the Malaysian population (Hamid, 2015).  The shift in population age-sex 
structure has created a window of opportunity for the realization of the first 
demographic dividend which needs to be harnessed for future development.  Policies 
and programs need to be designed at an early stage to take advantage of the 
demography window so that a second demographic dividend can be reaped (Bloom 
et al., 2003).  Thus, in the scope of this thesis, because of Malaysia’s relatively 
“young” demographics compared to many developed countries, the focus of the 
studies in this thesis is on adults aged 50 years and older. 
 
In addition, balance assessment can provide useful information for planning suitable 
interventions.  However, there are a large number of assessments available to 
assess different aspects of balance performance (Perell et al., 2001).  To date in 
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Malaysia, no studies have been carried out investigating intrinsic risk factors for falls, 
and no studies have used a comprehensive suite including a combination of clinical 
and force platform balance assessment tests among community dwelling adults. 
 
The importance of balance for independence and safety for older people, and the 
negative effect of age and health problems on balance ability has been well 
established (Nitz et al., 2003; Nolan et al., 2010; Ozalevli et al., 2011).  Exercise has 
been a widely investigated intervention to improve balance and reduce falls risk 
(Howe et al., 2011; Sherrington et al., 2011).  A Cochrane review reported that multi-
component group exercise, typically including resistance and balance training, 
reduced the rate of falls by 22% and falls risk by 17% in adults aged 60 years and 
over (Gillespie et al., 2012).  Howe and colleagues (2011) analysed results from 94 
studies of exercise interventions aiming to improve balance, and found exercise 
interventions which involved dynamic standing balance, that are performed at least 
three times a week over a three months period could significantly improve balance 
and mobility among older adults.  The Cochrane review also highlighted that there 
were inconsistent findings and lack of concrete evidence to support some of the 
balance outcomes investigated, and suggested that further robust randomised 
controlled trials should be implemented. 
 
A number of balance intervention studies have focused on task specific exercises 
and every day activities such as getting in and out of a chair, or stepping up and down 
from one level to another (Nitz & Choy, 2004; Nnodim et al., 2006; Silsupadol et al., 
2006; Steadman et al., 2003; Ullmann et al., 2010).  However, the effectiveness of 
exercise programs to improve balance performance (and thereby reducing risk of 
future falls) has not been investigated among Malaysian adults aged 50 years and 
above.  In addition, there has been little focus in falls prevention exercise 
interventions on improving one of the common specific physical tasks involved in falls 
circumstances – that being turning. 
 
Thus, the studies in this thesis will provide culturally relevant information regarding 
falls prevalence and risk of falling among community dwelling adults aged 50 years 
and above in Malaysia, and these results form the basis for a data driven intervention 
study.  In addition, these studies will add to current knowledge and understanding 
regarding improved falls risk assessment, which has potential to change current 




1.1 Thesis aims 
 
To date in Malaysia there has been no study carried out investigating intrinsic falls 
risk factors, and none investigating in detail one of the important risk factors of 
balance impairment among community dwelling older adults (turning performance).  
Therefore, the studies reported in the first part of this thesis aimed to address the 
following research questions: 
 
i. What are the prevalence rates and circumstances of falls among community 
dwelling Malaysian adults aged 50 years and above? 
ii. Are there age and gender effects on fall risk factors among community 
dwelling Malaysian adults aged 50 years and above? 
iii. What are the factors that contribute to falls among community dwelling 
Malaysian adults aged 50 years and above? 
iv. What the most suitable fall risk assessment tools that could be useful to 
identify fall risk and balance performance among community dwelling 
Malaysian adults aged 50 years and above? 
 
The first phase of these studies was conducted to obtain baseline information 
regarding the magnitude of the prevalence of falls, circumstances and relevant 
intrinsic risk factors for falls in community dwelling Malaysian adults aged 50 years 
and above, to inform future development of a culturally appropriate falls intervention 
program for application across Malaysia. 
 
A falls prevention intervention program based on the data from identified local falls 
risk factors, was developed and implemented.  Impaired turning performance was 
found to be one of the risk factors that differentiated fallers from non fallers.  This 
informed the second phase of the studies in this thesis, which aimed to identify the 
effectiveness of an individualised home based exercise program to improve turning 
and balance performance among adults aged 50 years and older with mild balance 
and turning impairment.  Hence, the second main study of this thesis aimed to 
address the research questions as below: 
 
i. What is the effect of an individualised home based exercise program that 
includes exercise to improve turning performance on adults aged 50 years 




ii. Does participant adherence level with the home based exercise program 
play an important role in improving turning and balance performance? 
 
1.2 Thesis outline 
 
The review of the literature on the evidence for the definition, prevalence and risk 
factors for falls among older adult populations in Western and Asian regions are 
discussed in Chapter 2.  There are a limited number of studies that have specifically 
investigated the prevalence and evaluate the risk of falls among adults aged 50 years 
and above in Asian countries.  Several issues regarding variation in definition, data 
ascertainment, methodology and cultural differences between Asian and Western are 
identified.  Previous research findings on the effectiveness of exercise interventions 
to improve balance and mobility performance and reduce risk of falls among 
community dwelling adults are critically discussed. 
 
Chapter 3 describes details of the methodology used for the studies in this thesis, 
namely a cross-sectional study (Study 1) and a randomised controlled trial (Study 2).  
The detailed information regarding recruitment and inclusion criteria for the 
participants, fall ascertainment data, physical assessment, clinical and laboratory 
measures of balance, and the falls risk assessment using the Fall Risk for Older 
People in the Community (FROP-Com) are explained in detail.  A protocol paper 
explaining the individualised exercise intervention on improving turning performance 
has been published, and is included in Appendix 1.  
 
Chapter 4 reports the results of a prevalence and fall risk assessment study among 
Malaysian adults aged 50 years and above.  The findings for this study (Study 1) 
were divided into four sections.  Section 1 provides baseline information on 
prevalence and circumstances and consequences of falls.  The effect of age and 
gender on balance and mobility performance measures and other falls risk factors 
are examined and discussed in section 2.  Section 3 reports the associated risk 
factors for falls among the studied population.  An abbreviated set of clinical 
measures for balance and mobility assessment based on a factor analysis of the 
detailed assessment outcomes is reported in Section 4.  
 
Chapter 5 describes and evaluates a randomised controlled trial investigating the 
effectiveness of a home based exercise intervention to improve balance and mobility 
performance (including turning performance) among adults aged 50 years and above 
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with mild turning impairment.  A 16 week individualised home based exercise 
program was compared to usual care.  Turning sway and turning time during the Step 
Quick Turn test (SQT) on the Neurocom™ force plate and Timed Up and Go were 
the primary outcome measures, and other clinical measures of balance and mobility 
as secondary outcomes are reported.  The impact of adherence level on the primary 
outcomes are identified and discussed.  
 
Chapter 6 discusses and summarises the overall findings from these studies and the 
associated clinical implications.  The significance of the findings on prevalence, risk 
factors for falls and effectiveness of fall prevention interventions for Malaysian adults 
aged 50 years and above are discussed.  Additionally, the strengths and limitations 
of the studies in this thesis are discussed.  Future research directions for fall risk 
assessment and culturally appropriate fall prevention in the Malaysian context are 










This chapter reviews the relevant literature specifically focused on three main broad 
areas of scope for the studies in this thesis, namely (1) the prevalence and 
consequences of falls, and falls risk factors and falls risk assessment, (2) turning 
impairment as a specific balance and mobility impairment and risk factor for falls, and 
(3) evidence of effective falls prevention interventions, with a focus on individualised 
home based exercise interventions aiming to improve balance and functional mobility 
among community dwelling older adults.  Throughout this chapter, an emphasis is on 
comparing the research that have been carried out in Asian populations (the focus of 
the studies in this thesis) with research from other parts of the world. 
 
2.1  Definition of fall 
 
In general, falls are defined as an episode, which results in a person coming to rest 
inadvertently on the ground, floor, or a lower level with injury or non-injury (WHO, 
2007).  However, a number of different falls definitions have been used in previous 
studies.  The variation and diversity in defining falls causes difficulty in making 
comparisons between studies.  A previous study reported that falls definitions were 
found to be different in different populations (Zecevic et al., 2006), and even a small 
alteration in definition was found to have an impact on the outcome of the study 
(Jitapunkul et al., 1998b; Scheffer et al., 2008).  Hence, in epidemiological and 
intervention studies of falls, it is crucial to consider judiciously the definition used for 
a fall.  The different interpretation of what a fall is among older people could reduce 
the validity and reliability of the study (Masud & Morris, 2001; Zecevic et al., 2006).  
Examples of some of the various definitions of falls used in the falls prevention 







Table 2.1: List of selected falls definitions reported in the research literature  
Author Selected Fall Definitions 
Gibson et al. (1987) “A fall is an event which results in a person coming to rest inadvertently on the ground or other lower level and other than 
as a consequence of the following:  Sustaining a violent blow, loss of consciousness, sudden onset of paralysis as in a 
stroke, an epileptic seizure” (p. 4). 
Chu et al. (1999) “...a fall was defined as an event resulting in a person coming to rest unintentionally on the ground or other lower level, not 
due to any intentional movement or extrinsic force (e.g., being knocked down by a trolley)” (p. 38). 
Buchner et al. (1993) “Unintentionally coming to rest on ground, floor, or other lower level; excludes coming to rest against furniture, wall, or other 
structure” (p. 301). 
Means et al. (1996) “… any involuntarily change from a position of bipedal support (standing, walking, bending, reaching, etc.) to a position of 
no longer being supported by both feet, accompanied, by (partial or full) contact with the ground or floor” (p. 1032).  
Canadian Institute for 
Health Information (2002)  
“… an unintentional change in position where the elder ends up on the floor or ground”. 
Carter et al. (2002) “… inadvertently coming to rest on the ground or other lower level with or without loss of consciousness and other than as 
the consequence of sudden onset of paralysis, epileptic seizure, excess alcohol intake or overwhelming external force”  
(p. 999). 
Tideiksaar (2002) “… any event in which a person inadvertently or intentionally comes to rest on the ground or another lower level such as a 
chair, toilet or bed” (p. 15). 
Organisation (2007) A fall is defined as an event which results in a person coming to rest inadvertently on the ground or floor or other lower 
level. 
Close et al. (1999). Inadvertently coming to rest on the ground or other lower level with or without loss of consciousness and other than as a 
consequence of sudden onset of paralysis, epileptic seizure, excess alcohol intake, or overwhelming external force. 
NICE (2004) An event whereby an individual comes to rest on the ground or another lower level with or without loss of consciousness. 
Tinetti et al. (1988) “an event which results in a person coming to rest unintentionally on the ground or lower level, not as a result of a major 
intrinsic event (such as a stroke) or overwhelming hazard.” 
Note. Modified from “Defining a fall and reasons for falling: comparisons among the views of seniors, health care providers, and the research literature“, 
by Zecevic, A. A., Salmoni, A. W., Speechley, M., & Vandervoort, A. A. (2006). Defining a fall and reasons for falling: comparisons among the views 




For the purpose of this thesis, a fall is defined as “….an event which results in a 
person coming to rest inadvertently on the ground or other lower level, other than as 
a consequence of sustaining a violent blow, loss of consciousness, or sudden onset 
of paralysis, as in a stroke or an epileptic seizure” (Kellogg International Work Group, 
1987, p. 4). .This definition consists of two main elements which have been 
recognised to distinguish falls and to classify the different type of falls.  It was 
developed to provide consistency in defining falls and allow researchers to make 
comparison between studies.  In addition, Lord et al. (2007) suggested that the 
Kellogg’s definition was appropriate for studies which aimed to identify the prevalence 
of falls related to the sensorimotor impairment and balance.  Recommendations for 
falls prevention research include that ideally falls data are collected over a standard 
period of 12 months (Lamb et al., 2005). 
 
2.2  Epidemiology of falls 
 
Falls are common events among older people and have been known as one of the 
“giants” of geriatric medicine (Organisation, 2007).  Over the past two decades, with 
the rapid growth of the older population worldwide, falls and fall related injuries have 
become more prominent as a major health problem among ageing populations, and 
constitute a significant public health concern in modern society (Masud & Morris, 
2001; Peel, 2011; Sattin, 1992).  It is well established that approximately one third of 
community dwelling older people fall each year (Dolinis et al., 1997; Lord et al., 1994; 
Tinetti et al., 1988).  Falls are the second leading cause of injuries worldwide, with an 
estimated 424,000 people dying from falls each year (WHO, 2012).  In Australia, falls 
are now the leading cause of injury related hospitalisation among older people age 
65 years and above.  A recent report indicated approximately 96,000 cases of falls 
injury resulted in hospitalisation (Tovell et al., 2014).  Whilst more than 50% of the 
cases involved older people (aged 60 years and older), 70% of the cases occur in 
developing countries (WHO, 2012).  Recently, the United States Centre for Disease 
Control and Prevention (CDC, 2012) reported that there were more than two million 
non-fatal falls treated in emergency departments.  Furthermore, approximately 1.6 to 
3.0 per 10,000 older people aged 60 years and above in Australia, Canada and 
England were hospitalised due to falls (WHO, 2007).  Falls can result in functional 
disability and dependency, immobility, reduced quality of life and increased 
psychological and psychosocial problems (Rubenstein, 2006; Stewart et al., 2015). 
Due to the devastating consequences of falls, this phenomenon has raised 




considerable amount of literature has been published on falls prevalence and fall risk 
factors.  However, most of the published data and findings have been established in 
western countries.  Comparatively little information has been published on falls 
prevalence and risk factors for falls in older populations in developing countries such 
as a number of countries in the Asian region (Jagnoor et al., 2013). 
 
Epidemiology studies on falls and fall risk factors have reported that there are 
variation in fall rates between countries.  Some factors that might contribute to these 
different rates of falling, circumstances and consequences of falls across different 
regions of the world may include sample differences in age, racial background, 
genetic, socio-demography, environment and population settings, life-style (diet, 
activity, sunlight exposure), body dimensions, and culture (Aoyagi et al., 1998; 
Bekibele & Gureje, 2010; Han et al., 2014; Hua et al., 2007; Jagnoor et al., 2013).  
 
In addition, differences in study design (retrospective vs prospective) of fall 
ascertainment could lead to variations in reported fall rates (Hauer et al., 2006; 
Masud & Morris, 2001; Zecevic et al., 2006).  These variations in methodology result 
in difficulties for researchers to make an evaluation and comparison between 
countries (Masud & Morris, 2001).  Further evidence of the difference in data 
collected through prospective compared to retrospective data collection methods was 
shown in a prospective study conducted among 96 healthy community dwelling older 
women aged 70 years above by Hill et al. (1999).  This study found that 14.8% of 
follow up falls within a 12 month period (data collected prospectively through use of 
falls diaries) were not reported when participants were asked at the end of the 12 
month period to recall falls in the preceding 12 months.  In a similar study, Hannan 
and colleagues found that three months recall of falls resulted in underreporting of 
falls by as much as 25% compared to daily calendar (Hannan et al., 2010).  
 
2.2.1  Magnitude of the falls problem among community dwelling older people 
 
In the United States, falls are a major health problem, where approximately 30% of 
community dwelling adults aged 65 years and above fall each year, with this 
increasing to over 50% among those aged over 75 years old (Stevens et al., 2006; 
Tinetti et al., 1988).  Falls and falls related injuries are also a leading cause of 
disability and trauma related death among people aged 65 years and above (Hester 
& Davis, 2013; Tinetti et al., 1988).  Furthermore, the rate of fatal falls from year 2000 




In Australia, falls are also common, and have become a significant threat to the 
health, independence and wellbeing of older people.  A National report indicated 20 
percent of home falls among Australian older people resulted in hospitalisation and 
the injury rates increase significantly with age (AIHW, 2013).  In 2006, about four out 
of 1000 falls injury cases occurred among those aged 75 years and above, which 
was double that of those aged 65-74 years (AIHW, 2013).  In addition, based on the 
New South Wales Fall Prevention Baseline Survey among 5681 community dwelling 
people aged 65 years and above, 25.6% of the sample had falls in the previous 12 
months, and about 39% of fallers had more than one fall (Milat et al., 2011). 
 
2.2.2  Falls scenario in Asian countries 
 
Recently, there has been growing interest in many Asian countries in falls studies.  
Epidemiology studies in Asian populations have generally reported lower rates of falls 
compared to western populations.  Hua et al. (2007) published a report of falls and 
prevalence in the Western Asia Pacific region, and indicated that the proportion of 
fallers among older people ranged from 10.5% to 31% (Hua et al., 2007).  
 
When looking at individual countries in the Asian region such as in China and Japan, 
rates of falls between 6%-31% and 15%-33% have been reported respectively 
(Aoyagi et al., 1998; Chu et al., 2005; Hua et al., 2007; Kojima et al., 2008), which 
seem to be lower compared to western countries (Campbell et al., 1989; Milat et al., 
2011; Tinetti et al., 1988).  A possible explanation for the lower rate of falls in Asian 
populations could be related to underreporting of falls, since most of the population 
based studies of falls data in Asian countries were obtained retrospectively.  With 
retrospective falls data collection (e.g.; asking participants if they have fallen in the 
past 12 months) there is increased possibility of forgetting to recall, especially minor 
falls that do not cause an injury, which could contribute to the lower rate of fall 
(Cummings et al., 1988).   
 
Studies documenting falls incidence in countries in Asian region are summarised in 
Table 2.2.  These include studies in Taiwan (Chang et al., 2010), Hong Kong (Chu et 
al., 2006), Korea (Shin et al., 2009a; Sohng et al., 2004), India (Krishnaswamy & 
Usha, 2006), and Singapore (Chan et al., 1997).  These small number of studies 
have reported varying rates of fall, from 10% to 37% among older people in a 12 








Table 2.2: Studies of fall prevalence among older Asian population 
Country Authors Study Design Study population 
Falls 
ascertainment 
Fall prevalence rate (%) 
Singapore Chan et al. (1997) Retrospective 401 people, aged 60 years and above  fall in previous 
12 months 
17.2 
Thailand  Jitapunkul et al. 
(1998b) 
Retrospective 4,480 people aged 60 years and above, 
Multistage random sampling 




Assantachai et al. 
(2003) 
 
Retrospective  1043 urban community dwelling aged 60 
years and above 





et al. (2012) 
Retrospective 26,689 community dwelling aged 60 years 
and above, National survey (2007) 
 
fall in previous 6 
months 
10.4 
Hong Kong Chu et al. (2005) One year 
Prospective  
1517 population-based sample of 
community dwelling adults aged 65 years or 
over 
 
fall in 12 months 
follow-up 
19.3 
Taiwan Chang et al. (2010) Cross sectional  1361 community-dwelling elderly who had 
been enrolled in the Shihpai Eye Study 
 
fall in previous 
12 months 
16.3 
Korea Shin et al. (2009a) Retrospective 335 participants community dwelling sub 
sample Ansan Geriatric (AGE) study 
  




Choi et al., (2014) Retrospective 56,624 people, aged 65 years and above 
Korean Community Health Survey (KCHS) 
2011 
 
fall in previous 
12 months 
16.9 (males) 
 24.3 (females) 
Japan Aoyagi et al., (1998) Retrospective 1534 participants aged 65 years and above, 
community dwelling 
fall in previous 
12 months 
15.2 
India Krishnaswamy and 
Usha (2006) 









In summary, while reported rates of falls in Asian countries have tended to be lower 
than in western countries, it remains unclear to what extent this is a real difference, 
or related to different methods of data collection, or population / cultural differences.  
Furthermore, falls were often seen as an unavoidable event and appeared to be 
poorly understood by older adults in less developed countries (Jagnoor et al., 2014).  
There is a need for more detailed exploration of falls and falls risk factors in Asian 
countries to inform an effective and culturally appropriate falls prevention program 
that suits the targeted population (WHO, 2007). 
 
Kwan et al. (2011a) conducted a review that revealed there was a consistently lower 
incidence of self-reported falls among Chinese older people as compared in 
Caucasian older people, even though the types and prevalence of risk factors were 
similar from those found in studies of Caucasian older people.  This review suggested 
that a greater understanding of the health, behavioural and lifestyle factors that 
influence fall rates in Chinese populations is required for elucidating fall prevention 
strategies in Chinese and non-Chinese older people.  In addition, the variations in 
reporting fall prevalence rate was contributed by the wide range of characteristics 
associated with community-dwelling older adults over the age of 65 who report falling 
in the previous 12 months. 
 
Furthermore, the rapid growth of the older population in the Asian region magnifies 
the impact of the increasing rate of fall in this region.  For instance, India became the 
country with the second highest number of older people in its older population.  It 
consisted of 76.6 million people aged 60 years and above, which accounted for about 
eight percent of the total population in India (Dsouza et al., 2014).  In this context, 
India has a “young” aging population, but the percentage of its population and 
therefore the number of people in this older age group will grow rapidly in coming 
years.  Consequently, one fifth of falls reported by the WHO (2007) were estimated to 
be from India. 
 
In terms of falls related injuries, the hip and thigh were the most commonly affected 
areas, and more women sustain hip fracture due to the higher prevalence of 
osteoporosis.  In another related study on identifying risk of falls among Indian older 
people, (Krishnaswamy & Usha, 2006) reported that muscle weakness, history of 
falls, polypharmacy, use of assistive devices, arthritis, depression, age older than 80 
years, gait and balance impairment and reduced functional daily activities and 




In the 2011 Korean Community Health Survey, out of 43,367 participants in a 
representative sample of community dwelling Koreans aged 65 years and above, the 
prevalence of falls among males and females was reported as 17% and 24% 
respectively (Eun et al., 2015).  In Japan, it has been estimated that approximately 20 
percent of people aged 60 years and above fell each year (Hua et al., 2007).  The 
incidence of falls was higher in women compared to men and increased with age 
(Aoyagi et al., 1998).  Furthermore, Aoyagi et al. (1998) has conducted a population 
based study among 1534 community dwelling people aged 65 years and above and 
found 10% to 20% fall each year, and 10% of fallers sustain fractures as a result of 
falls (Aoyagi et al., 1998). 
 
In Thailand, based on the interview conducted in the National Survey among 4,480 
Thai elders aged 60 and over, Jitapunkul et al. (1998b) found 19% of participants 
reported falls in the previous six months.  Women (21%) were more likely to fall 
compared to men (14%).  The study revealed that environmental and intrinsic health 
factors which affected balance and gait were the main factors associated with falls 
among Thai older people, and nutritional status was identified as a contributing fall 
risk factor for Thai older women (Jitapunkul et al., 1998b).  Additionally, (Assantachai 
et al., 2003)  reported similar findings from a cross-sectional study among 1,043 urban 
community dwelling adults aged 60 years and older in Thailand.  Results indicated 
that the prevalence of falls was about 20% and the Activities of Daily Living (ADL) 
limitations, nutritional status, kyphosis, hypertension, and cognitive impairment were 
found to be associated with falls among community dwelling older women in urban 
areas in Thailand (Assantachai et al., 2003). 
 
In contrast, there is very limited data on falls prevalence in Malaysia, and data that is 
available is from hospital outpatients.  A previous study reported the prevalence of 
falls among 151 outpatients aged 60 years and above was 47%, and more than half 
of the fallers had more than more than one fall.  It was noted that this fall prevalence 
rate was considerably higher than other studies (Sazlina et al., 2008).  This study also 
reported that home hazards were commonly associated with falls.  None of the 
significant underlying comorbidities and other intrinsic risk factors such as 
polypharmacy and awareness could differentiate between fallers and non fallers.  The 
higher rate might be due to the sample population, where most patients had medical 
conditions which increased their propensity for falling.  Moreover the sampling for this 




In summary based on the current literature on falls prevalence and fall risk factors 
among community dwelling Asians aged 60 years and above, falls rates from most 
studies ranged from 10% up to 22%, except for one Japanese study, and the single 
study of Malaysian older people.  The prevalence rate of falls was seen to be lower 
compared to western populations.  However, due to the rapid growth of the ageing 
population in the Asian region, and the increasing rate of fall related injuries among 
older persons, falls are becoming an increasingly significant problem to Asian older 
people and their governments.  In countries such as Malaysia, where there is very 
limited falls data available, further studies are required to identify the prevalence, 
circumstances, and risk factors associated with falls, so that culturally appropriate 
interventions to address this major health problem for older people can be developed 
and evaluated. 
 
2.3  Consequences of falls 
 
Fall related injuries are a major problem among community dwelling older adults.  The 
consequences of falls could cause a diversity of outcomes such as physical injury, 
psychological impacts, psychosocial effect, reduced quality of life or even death.  Falls 
are the leading cause of non-fatal and fatal injuries and death among older people 
(WHO, 2007).  Injuries associated with falls increase with age.  Approximately 40 to 
60% of falls lead to injuries, with 30-50% being minor injuries, 5-6% major injuries 
excluding fracture and 5% are fractures (Masud & Morris, 2001).  The most common 
self-reported physical injuries are cuts, bruises and sprains, whilst the most common 
injuries that require medical treatment and hospitalisation comprise hip fracture, pelvic 
fracture, leg and wrist fractures, neck and trunk injuries, and intracranial bleeding.  
The World Health Organisation has reported that the injuries related to falls among 
older people are the leading cause of hospitalization, accounting for 14% of 
emergency admissions and four percent of hospital admissions (WHO, 2007).  The 
rate of hospitalisation due to falls increased exponentially with advancing age for both 
genders (Hartholt et al., 2011). 
 
2.3.1  Mortality 
 
Fatal falls are a major public health problem, and are likely to continue to increase as 
the older population grows with population ageing.  It is estimated that 424,000 people 




with two thirds of these deaths occurring in the Western Pacific and South East Asian 
Region (Jagnoor et al., 2014).  According to the United States National Centers for 
Injury Prevention and Control (2010), approximately 22,900 older people died from 
unintentional injuries, and the death rate of fatal falls was 41% higher in men 
compared to women.  In addition, it was also reported that there were variations in 
fatal falls rates between ethnic groups, where fatal falls were higher among non-
Hispanics (Stevens et al., 2006).  Older whites were reported as being about three 
times more likely to have a fatal fall compared to older black people, and the risk of 
dying from falls increased as people aged. 
 
People aged 65 years and older are 10-150 times higher risk to die from a fall than 
those in younger age groups (WHO, 2012).  Similar findings based on a recent review 
on epidemiology of falls in India has reported that falls became the leading cause of 
accidental death among older adults aged 75 years and the second highest cause of 
accidental death among those aged 65-74 years old (Dsouza et al., 2014).  Men aged 
65-74 years had higher fatal falls rates compared to women from the similar age 
group, while after the age of 75 years women were more likely to die due to falls. 
 
Furthermore, in a study conducted in the United States of America among people 
aged 75 years and older, 66% of falls involved people aged 75 or older; and this age 
group had a mortality rate eight times higher than for individuals aged from 65 -74 
years (Hu & Baker, 2012).  The highest proportion of fatal falls were reported after the 
age of 85.  Of those hospitalised due to falls, approximately 50% died within a year 
(Rubenstein, 2006).  Whilst in the hospital setting, it was reported that 10% of these 
patients died before discharge, and 1,800 fatal falls occurred by those discharged to 




A WHO report found that approximately 37.3 million falls which are severe enough to 
require medical attention occur each year.  Such falls are responsible for over 17 
million DALYs (disability-adjusted life years) lost.  The largest morbidity occurs in 
people aged 65 years or older, young adults aged 15–29 years and children aged 15 
years or younger (Organisation, 2007). 
 
In Australia, it was reported that 22-60% of older people suffer injuries from falls, 10-




(Tovell & Harrison, 2013).  The most commonly self-reported injuries include 
superficial cuts and abrasions, bruises and sprains.  Most common injuries that 
require hospitalisation comprise femoral neck fractures, other fractures of the leg, 
fractures of radius, ulna and other bones in the arm and fractures of the neck and 
trunk (Tovell & Harrison, 2013). 
 
In terms of morbidity, one of the most serious of these fall-related injuries are hip 
fractures.  About 90% of hip fractures cases reported resulted from fall related injuries 
(Grisso et al., 1991).  In 2010 in the United States of America there were 258,000 
cases of hip fractures among people aged 65 years and above admitted to hospital 
(Centers for Disease Control & Prevention, 2008).  The incidence of hip fractures was 
parallel to the world projection of hip fracture from an early study that projected the 
number of hip fractures occurring in the world each year would rise from 1.66 million 
in 1990 to 6.26 million by 2050 (Parkkari et al., 1999).  However, between 1990 and 
2010, the trend for hip fractures actually declined for both genders in some countries, 
but the factors contributing to this are unknown (Stevens & Rudd, 2013).  This trend 
for reducing hip fractures has also been seen in Australia, although over the same 
period, total hospitalisations due to all falls related injuries actually increased (Tovell 
et al., 2014).  Older people recover slowly from hip fractures and are vulnerable to 
post-operative and bed rest complications.  In around 25% of cases, hip fractures 
result in death and of those who survive, around one third of them never regain 
complete mobility (Lord et al., 2007). 
 
Another consequence of falling is the long lie, where a faller remains on the ground 
for more than an hour after a fall.  The long lie is often seen as a sign of weakness, 
illness and social isolation, and is commonly correlated with high mortality rates 
among older people.  In addition, those individuals who fall and suffer a disability, 
particularly older people, are at a major risk for subsequent long-term care and 
institutionalisation (Lord et al., 2007).  
 
In Australia in the year 2009 to 2010, the number of hospitalised injury cases due to 
falls in people aged 65 and over was 83,768, which was seven percent higher 
compare to the previous year 2008–09 (Tovell & Harrison, 2013).  This figure 
accounted for three percent of all hospital separations for the population aged 65 and 
older.  It was noted that approximately one third of fall injury cases affected the hip 
and thigh area, with the majority of these injuries requiring hospitalisation being hip 




above were attributed to injurious falls, and it was estimated that the average time 
spent in hospital per injury related fall was 15.5 days.  In terms of gender, women 
sustained a greater number of injurious falls requiring hospitalisation than men, and 
the mean age for hospitalized injurious fallers was 81.9 years (8.1SD).  
 
In an American study, Stevens and Sogolow (2005) analysed 22,560 cases from a 
national representative sample of Emergency Department (ED) visits from January 
2001 to December 2001 and estimated that 1.64 million older adults were treated in 
EDs due to unintentional fall injuries.  Of these, approximately 1.16 million or 70.5% 
were women.  Fractures, contusions/abrasions and lacerations accounted for more 
than three quarters of all injuries.  Rates for injury diagnoses were generally higher 
among women, most notably for fractures, which were two times higher than for men.  
For all parts of the body, women’s injury rates exceeded those of men.  Rate ratios 
were greatest for injuries of the leg/foot (2.3), arm/hand (2.0), and lower trunk (2.0).  
The hospitalization rate for women was 1.8 times higher than for men. 
 
Furthermore, Hartholt et al. (2011) noted that fall related hospitalisations in people 
aged 65 years and above in the United States has increased significantly within their 
eight years study, from year 2001 to 2008.  This study aimed to determine secular 
trends in unintentional fall related hospitalisation based on the National Electronic 
Injury Surveillance System All Injury Program.  Findings have estimated that within 
the eight year study, the incidence of fall related hospitalisation in older adults 
increased 50% from 373,128 to 559,355.  The age adjusted incidence rate per 10,000 
of population increased from 1,046 to 1,368, with the average age-adjusted incidence 
rate increasing 3.3% annually.  Women were reported to have higher incidence rate 
as compared to men.  This finding suggested that the underlying causes for the rising 
trend of fall related hospitalisation should be a priority and better future health 
outcomes for older adults should be targeted (Hartholt et al., 2011). 
 
In summary, fall related hospitalisation rates have continued to increase over recent 
years in a number of countries, despite greater awareness and research into the 
problem of falls over this period. 
 
2.3.3 Psychological and psychosocial implications 
 
As well as the deaths and fall related injuries described above, falls can also cause 




et al., 2010; Tedeiksaar, 2010).  Both non-injurious and injurious falls could result in 
the development of post fall syndrome that can lead to activity restriction, disability 
and reduced mobility that often results in diminished independence (Aoyagi et al., 
1998; Fletcher et al., 2010; Howland et al., 1993; Scheffer et al., 2008; Tinetti et al., 
1988; Vellas et al., 1997).  Other associated consequences include reduced quality 
of life and increased likelihood of being institutionalised (Boyd & Stevens, 2009; 
Rubenstein, 2006; Tinetti, 2003).  The psychological distress in older people can be 
even greater in those who suffer serious injuries (Berg et al., 1997; Vellas et al., 1997).  
The sense of being fragile, dependent, loss of confidence, anxiety, and vulnerability 
could become a sign of decline in health and reduced quality of life (Kong et al., 2002; 
Li et al., 2003; Yardley & Smith, 2002).  
 
One of the common psychological consequences related to falls is fear of falling.  Fear 
of falling is not only present among fallers but also for those who have never fallen.  
A review on prevalence of fear of falling reported the prevalence of fear of falling 
among community dwelling older adults is varied, from 3% to 85%, due to the 
inconsistent measurement tool used in the studies (Scheffer et al., 2008), and was 
most prevalent of among women as compared to men (Howland et al., 1993; Scheffer 
et al., 2008).  Moreover, an excessive fear of falling can cause older people to reduce 
their social engagement and to avoid activities (Murtagh et al., 2015), and is 
associated with depression and anxiety (Deshpande et al., 2008; Painter et al., 2012), 
loss of independence, poor health status (Chang et al., 2010), and reduced quality of 
life (Bertera & Bertera, 2008; Lachman et al., 1998; Park et al., 2014; Tennstedt et al., 
1998). 
 
Similar findings were reported from Asian studies.  The prevalence of fear of falling 
among community dwelling older people ranged from 30 to 76% (Aoyagi et al., 1998; 
Apikomonkon, 2003; Chang et al., 2016; Eun et al., 2015; Kim et al., 2014; Mane et 
al., 2014; Oh et al., 2015) and was considered a common psychological consequence 
resulting from falls.  A cross-sectional study in Japan found 92 percent of fallers 
reported fear of future falls, and 30 percent had limited or reduced their outdoors 
activities.  A number of studies have been conducted to identify the correlate factors 
for fear of falling among Asian older populations.  These studies have indicated that 
older age, history of falls, female gender, poor health, low socioeconomic, medical 
conditions, balance impairment, and depression were significantly associated with the 




2010; Choi et al., 2015; Kim & So, 2013; Mane et al., 2014; Oh et al., 2015; Park et 
al., 2014). 
 
2.3.4  Economic consequences  
 
Since falls in older people are common and can cause numerous injuries, disability, 
emergency care and medical treatment and even death, therefore falls are associated 
with high health care costs.  Falls are costly and have now become recognized as a 
relevant economic burden to the individual, healthcare system and society (Alamgir 
et al., 2015; Heinrich et al., 2010).  
 
According to the Australian Institute of Health and Welfare’s Injury report 2010-2011, 
it is projected that the number of hospital bed days per year required due to falls will 
nearly double from 240,000 in 2010 to 450,000 in 2051 (Tovell & Harrison, 2013).  
Increasing demand and number of beds in nursing care was projected to increase up 
to 1.8 million in years 2051.  The report also indicated that four percent of all hospital 
admissions in people aged 65 years and above were due to falls.  The incidence of 
hospital admissions increases exponentially with age, and relative to those aged 40 
years and above, the admission rate due to falls increases consistently by 4.5% per 
year for men (doubling every 15.7 years) and by 7.9% per year for women (doubling 
every 9.1 years).  In those aged 85 years and over, the levels have climbed to four 
percent per annum in men and seven percent per annum in women.  Therefore, this 
projected demand for increased hospital and residential care beds to manage the 
increasing numbers of older Australians experiencing injurious falls, will require higher 
financial allocation from individuals and government (Tovell & Harrison, 2013). 
 
An American study by Stevens et al. (2006), reported there were 10,300 fatal falls and 
2.6 million fall related injuries recorded in the year 2000.  The total cost for fatal falls 
and medical treatments for fall related injuries were about 0.2 billion dollars and $19 
billion respectively.  For the nonfatal cost, 63% ($12 billion) was attributable to 
hospitalization costs, 21% ($4 billion) were for emergency department visits, and 16% 
($3 billion) were for treatment in outpatient settings.  The study also indicated that the 
medical expense for women was two to three times higher than for men for all medical 
treatment settings.  In addition, a study by Hartholt et al. (2011) indicated that €474.4 
million were attributable to falls related injuries, and found that both admitted and non-





In summary, falls often have a devastating impact for the older adult, due to the high 
proportion of injuries as well as the psychological impacts such as loss of confidence, 
all potentially affecting quality of life.  Moreover, these consequences provide a 
negative impact to the carers, family members, society and also increase the 
healthcare costs, which results in economic burden to the country. 
 
2.4  Falls risk factors 
 
Falls in older people are often precipitated and triggered by complex interactions 
between demographic, physical, medical, psychological and behavioural risk factors 
(Ambrose et al., 2013; Campbell et al., 1989; Deandrea et al., 2010).  As the number 
of risk factors increases, the risk of falling and being injured increases.  Furthermore, 
most falls are due to more than single factor (Ambrose et al., 2013; Delbaere et al., 
2013; Lord et al., 2007).  A previous epidemiological review on falls indicated that over 
400 risk factors has been identified and contribute to falls (Masud & Morris, 2001).  
These risk factors have been divided into two main groups: intrinsic and extrinsic 
factors.  Intrinsic risk factors are those related to the individual’s specific risk, which 
includes demographic and biological factors, while extrinsic risk factors encompass 
environmental and behavioural factors (American Geriatric Society [AGS], 2011).  
Therefore, it is recommended that a fall event should be seen as a non-specific sign 
or symptom of underlying problems that were caused by either intrinsic or extrinsic 
risk factors, or a combination of these (Tedeiksaar, 2010).  
 
Fall risk factors can also be classified as modifiable or non-modifiable risk factors.  
Modifiable factors refer to those risk factors that can be improved or ameliorated with 
intervention or treatment, while non-modifiable risk factors are not able to be 
influenced by intervention, for example advanced age, history of falls, gender, race 
and ethnicity (Ambrose et al., 2013; Deandrea et al., 2010; Finlayson & Peterson, 
2010; Peel, 2011).  Examples of modifiable risk factors include low level of physical 
activity, impaired physical and psychological status (e.g.; depression), acute illness, 
mobility, medication and polypharmacy (Finlayson & Peterson, 2010). 
 
For the purpose of this thesis, the discussion and the critical review focused on falls 
risk factors identified in the published meta-analysis by Deandrea et al. (2010) which 
mainly focused on modifiable and non-modifiable fall risk factors associated with falls 
among community dwelling older adults.  This review provides comprehensive 




dwelling adults aged 65 years and above.  Identified risk factors were categorised 
based on the analytical classification proposed by Lord et al. (2007) into eight 
categories, namely socio-demography, balance and mobility, sensory, 
neuromuscular, psychological, medical conditions, medications and environmental. 
 
Deandrea et al. (2010) reported 31 falls risk factors that were associated with falls 
among community dwelling older adults.  A number of well-established risk factors 
documented for falls are advanced age, female gender, gait and balance deficits, 
muscle weakness, slow walking speed, dizziness and vertigo, mobility limitations and 
the use of assistive devices, living alone, pain, functional limitations with dependence 
in activities of daily living (ADL), assisted toileting and cognitive impairment.  Medical 
conditions such as cardiovascular disease and heart failure, diabetes, arthritis, 
dementia, depression and incontinence are also established risk factors.  Overall, the 
meta-analysis indicated that the estimated odd ratios were generally higher among 
recurrent fallers compared to single fallers (Deandrea et al., 2010).  
 
This meta-analysis contributed a comprehensive analytical categorisation of fall risk 
factors among older people.  Furthermore, it also provided more robust evidence of 
fall risk factors than some other reviews, as it only included data from prospective 
studies, rather than including retrospective studies, which suffer from lower accuracy 
of the falls outcome due to limitations of recall of falls over prolonged periods such as 
12 months.  However, there were also some limitations associated with the Deandrea 
et al. (2010) review, as most of the fall risk factors were extracted from Western and 
Caucasian studies.  Recently, Han et al. (2014) in his review indicated that differences 
of ethnicity, region, cultural and environment could contribute to the discrepancy in 
falls risk factors between different populations.  This is an emerging and important 
area of falls prevention to ensure that interventions are targeting culturally relevant 
risk factors. 
 
Therefore, in an attempt to identify any differences and to have better understanding 
on fall risk factors among older people in Asia, a more recent systematic review on 
falls risk factors from 21 studies among Chinese populations in six Asian countries 
has been published by Kwan et al. (2011a).  In addition a recent population based 
study on fall risk factors among Korean older people published by Eun et al. (2015), 
adds to this emerging evidence.  These papers were reviewed to identify any 
differences in risk factors between older Asian populations and the results primarily 




Deandrea et al. (2010).  All significant falls risk factors from these studies are 
summarised in Table 2.3.  
 
Kwan et al. (2011a) identified 132 falls risk factors associated with falls among 
community dwelling Chinese older people aged 60 years and above.  Of these, 18 
risk factors were identified that were found to be significant at least in four studies and 
10 were significant in the meta- analysis.  History of fall, female gender, decreased 
activities in daily living, use of multiple medications, and older age were found to be 
the strongest risk factors reported among Chinese older populations.  
 
Both reviews were generally consistent with findings reported in the most recent 
population based study among 56,624 Korean adults aged 65 years and above (Eun 
et al., 2015).  The number of falls in the last 12 months was measured retrospectively.  
This study reported that female gender and age were strongly associated with higher 
risk of falls.  In addition, older adults who were diagnosed with medical conditions 
such as diabetes mellitus, stroke, osteoarthritis, osteoporosis, urinary incontinence, 
or cataracts had higher risk of falls.  Moreover, poor self-rated health and depression 
were also associated with increased risk of falls.  In Asian studies, being married or 
having a partner was found to be associated with decreased risk of falls among 
Chinese and Korean populations, although this is was not identified in the Deandrea 
and colleagues’ review (2010).  
 
Although in the present reviews, many of the risk factors for falls reported among 
Asian studies are not dissimilar, there are some distinctions between these reviews 
that appear to be significant in western populations that are either non-significant or 
have not been investigated in the Asian studies, or vice versa.  For instance, cognitive 
impairment was reported to be a significant risk factor for Western populations, but 
was not significant for the Chinese population.  This variation may result from a 
limitation of Kwan’s review which included both retrospective and prospective study 
designs (only four prospective studies and nine using random sampling) as compared 
to the Deandrea’s review that included only prospective studies. 
 
Furthermore, it is important to note that there is considerable diversity of 
socioeconomic, culture, ethnicity and environment between some of the countries and 




Table 2.3: Summary of fall risk factors between two systematic reviews by Deandrea et 
al. (2010) and (Kwan et al., 2011a) and a large population based study (Eun et al., 2015). 
Risk factors 
Deandrea et al. (2010) 
OR (95% CI) 
Kwan et al. (2011b) 
OR (95% CI) 
Eun et al. (2015) 
OR (95% CI) 
1 Sociodemographic   
 
Age 1.12 (1.07-1.17)* 1.1-2.2 1.10 (1.04-1.17) 
 
Sex (female) 1.30 (1.18-1.42)* 1.5-2.9 1.17 (1.08-1.27) 
 
Living alone 1.33 (1.21-1.45) 2.1 (1.2-3.1) NS 
 
History of fall 2.77 (2.37-3.25) 1.7-10.2 NS 
 
Physical Activity 1.20 (1.04-1.38) NS 0.95 (0.89-1.02) 
 
Physical Disability 1.56 (1.22-1.99) NS NS 
 
Instrumental 
Disability 1.46 (1.2-1.77) 1.6-3.9 NS 
 
Body Mass Index 1.17 (0.93-1.46) NS 1.01 (1.00-1.02) 
 
Education level 1.01 (0.88-1.16) NS 1.05 (0.98-1.13) 
 
Walking aid 2.18 (1.79-2.65) 1.6-2.8 NS 
 
Marital status NS 1.2-2.8 1.13 (1.05-1.21) 
 
Location (rural vs 
urban) NS NS 1.13 (1.03-1.17) 
2 Psychological 
   
 
Cognitive impairment 1.36 (1.12-1.65) NS NS 
 
Self-perceived health 1.50 (1.15-1.96) 1.0-2.9 1.16-1.38 
 
Fear of falling 1.55 (1.14-2.09)* 1.9-3.1 NS 
 
Depression 1.63 (1.36-1.94) 1.4-4.6 1.47 (1.27 -1.70) 
3 Balance and Mobility 
   
 
Dizziness and vertigo 1.80 (1.39-2.33) NS NS 
 
Gait problem 2.06 (1.82-2.33) 1.4-2.6 NS 
 






Table 2.3: (continued).  Summary of fall risk factors between two systematic 
reviews by Deandrea et al. (2010) and (Kwan et al., 2011a) and a large population 
based study (Eun et al., 2015) 
Risk factors 
Deandrea et al. 
(2010) 
OR (95% CI) 
(Kwan et al., 
2011a) 
OR (95% CI) 
Eun et al. (2015) 
OR (95% CI) 
4 Medication 
   
 
- Number of 
medications 
1.06 (1.04-1.08)* 1.1-2.6 NS 
 - Sedatives drug 1.38 (1.15-1.66)* NS NS 
 - Antiepileptic 1.88 (1.02-3.49) NS NS 
 - Antihypertensive (1.06-1.48)* 1.5-1.8 NS 
5 Sensory    
 - Vision impairment 1.35 (1.18-1.54)* 1.3-1.6 1.27 (1.19-1.35) 
 - Hearing impairment 1.21 (1.05-1.39)* NS NS 
6 Neuromuscular    
 Rheumatic disease 1.47 (1.28-1.70)* NS NS 




1.40 (1.26-1.57) NS 1.08-1.37 
 - Hypotension 1.24 (0.90-1.71)* 1.2-1.8 NS 
 - Hypertension NS 1.5-1.8 0.83-0.94 
 - Diabetes 1.19 (.08-1.31)* NS 1.05-1.23 
 - Pain (1.19-1.62)* NS NS 
 - Comorbidity 1.23 (1.16-1.30)* NS NS 
 - History of stroke (1.31-1.98)* NS 1.28-1.62 
 - Heart disease NS NS 0.99-1.22 
 - Osteoarthritis NS NS 1.24-1.42 
 - Osteoporosis NS NS 1.15-1.34 
8 Environment NS NS NS 





For instance, Malaysia comprised of three major ethnic groups, namely Malays, 
Chinese and Indians which may require specific investigation of risk factors that might 
differ from those reports in primarily Chinese population as well.  In addition, Malaysia 
also experiences different weather as compared to other Asian countries like China 
and Korea, which could contribute to the variation with respect of environmental risk 
factors.  Thus, there are still gaps in identifying specific risk factors that may differ or 
remains to be investigated in other populations such as Malaysians. 
 
2.4.1  Socio-demographic factors 
 
Based on the previous studies, older age, female gender, history of fall and living 
alone were the most common socio-demographic risk factors reported to be 
significantly associated with fall prevalence (Assantachai et al., 2003; Deandrea et 
al., 2010; Kwan et al., 2011a; Rubenstein, 2006). 
 
2.4.1.1 Age  
 
Age is one of the key risk factors for falls.  Previous studies revealed that the chance 
of falling and severity of fall related injuries increase with advanced age (Ambrose et 
al., 2013; Campbell et al., 1989; Deandrea et al., 2010).  The incidence of falls were 
reported to be increasing consistently from 30 percent after the age of 65 years up to 
50 percent in people aged 80 years and older (Blake et al., 1988; Carter et al., 2000; 
Prudham & Evans, 1981).  A meta-analysis on 74 prospective studies on fall risk 
factors among older people indicated that advanced age remains and has consistently 
been identified as one of the main risk factors for falls among western populations.  
This review revealed that the odds ratio of falling is 1.2 times more for every 5 year 
increase in age (Deandrea et al., 2010). 
 
Significant increases in rates of falls have been reported with increasing age in Asian 
populations as well (Eun et al., 2015; Kwan et al., 2011a).  An Australian Health 
Institute and Welfare report indicated that for those aged 75 years and over, fall 
resulting in serious injury are the leading cause of fatal falls and institutionalisation 
(Tovell & Harrison, 2013).  Generally, advanced age is associated with reduced 
functional and physiological status.  The age related deterioration in a number of 
psychological and biological systems can affect overall mobility and functional status 




musculoskeletal, vision, somatosensory, vestibular, coordination, slower reaction 
time, postural control and cognitive function with increasing age have been reported 
to increase the risk of falls (Dunlop et al., 2002; Segev-Jacubovski et al., 2011).  
These changes were supported by findings from the Longitudinal Study of Aging 
(LSOA) among 4,000 seniors, which indicated that functional status declined within 
two years interval over a period of six years (Dunlop et al., 2002). 
 
Moreover, older adults are more predisposed to having greater comorbidity compared 
to younger people, which could lead to increased risk of one or multiple falls 
(Campbell et al., 1989; Cummings et al., 1988; Tinetti et al., 1988).  Conditions that 
have increased prevalence with increasing age such as Parkinson’s disease, 
osteoarthritis, diabetes, stroke, incontinence and impaired vision are strongly 
associated with increased risk of falls (Ambrose et al., 2013).  
 
Grundstrom et al. (2012) have investigated risk factors for falls among 12,684 adults 
age 85 years and above in 50 states in the United States of America.  The findings 
indicated that 21.3% of adults aged 85 years and above experienced at least one fall 
in the past three months and seven percent reported an injury that required medical 
attention or restricted their activity for at least a day.  This study also identified that 
being male, below average general health, perceived sleep disturbance, using an 
assistive device, increased bodyweight, alcohol consumption and history of stroke 
were found to be independently associated with a greater risk of falls and fall related 
injuries in this sample.  This study revealed that the greater risk of falling appeared 
due to the deterioration of overall health with age.  Interestingly, this study indicated 
that there was no greater risk of fall in adults aged 85 years and over with excellent 
overall health status, compared to the 65-84 age group (Grundstrom et al., 2012).  
This finding supports the concept that age by itself may not be the major contributor 
to increased falls risk, but that much of this increased risk is associated with increased 
prevalence of age related health problems. 
 
2.4.1.2 History of falls 
 
Older adults who have experienced one or more falls have three times the risk of 
falling again within a year compared to non fallers (O'Loughlin et al., 1993; 
Rubenstein, 2006).  Deandrea et al. (2010) identified that those with a history of falls, 




falls, commonly respond by decreasing their overall level of physical activity.  This can 
induce a gradual decline in mobility, increase fragility, and delay the potential to obtain 
a full recovery and return to prior functional status.  
 
In addition, Barak et al. (2006) have investigated the kinematic changes during 
walking among 21 older adults with a history of falls in the previous six months and 
27 without a history of falling.  Findings indicated that those people with a history of 
falls have increased variability of kinematic measures in their walking coordination 
and showed less stable gait pattern compared to those without history of falls.  This 
study confirmed that variability of walking patterns among those with history of falls 




Female sex is widely reported in the literature as being associated with increased risk 
of falls and fall related injury, not only among Caucasian populations but also in Asian 
studies (Assantachai et al., 2003; Deandrea et al., 2010; Dsouza et al., 2014; Kwan 
et al., 2011a).  Several underlying factors could explain the variation in rates of falls 
between males and females.  This may be due to women being frailer and tending to 
live longer than men, which make them more susceptible to falls.  Furthermore, the 
muscle weakness and lower levels of physical activity observed in older women may 
contribute to the propensity of women to fall more often than men (Stevens & 
Sogolow, 2005).  In addition, decreased bone density after menopause predisposes 
women to be more likely to experience a fracture following a fall. 
 
Dunlop et al. (2002) reported that 58% of female older adults sustained more non-
fatal fall related injuries compared to males (42%).  However, the fatality rates for 
male fallers were higher than for female fallers possibly because of the cause or 
severity of the fall (National Centers for Injury Prevention and Control, 2010).  These 
could be due to the falls circumstance, e.g. that men fall more often from a greater 
height and/or due to poorer health status at the time of fall.  In another related study, 
women were more likely to report a fall, to seek medical treatment due to fall related 
injuries, and were more willing to discuss about falls with a physician compared to 
men (Stevens et al., 2012).  The tendency of women to report falls more and to receive 






Similar findings were reported from the 2011 Korean Community Health Survey 
(KCHS) that identified potential risk factors among 56,624 Korean aged 65 years and 
over.  This study reported that 63.5% of the fallers were female and 36.5% were male.  
The variation in the fall rates between gender were significantly associated with higher 
risk of falls (OR =1.17, 95% CI [1.08 - 1.27]), (Eun et al., 2015).  
 
2.4.1.4 Ethnicity /Race 
 
Several studies have revealed a disparity of falls data between different ethnic groups 
and races (Hua et al., 2007; Kalula et al., 2011; Kwan et al., 2011a).  Yet, there is 
limited evidence from studies that elucidate factors contributing to the influence of 
ethnic and racial differences in falls prevalence among older adults.  
 
One study in the United States identified that White Non-Hispanic older adults fall 
more often than Black, Hispanic and other Non-Hispanic older adults, whilst African 
Americans are less likely than Whites to have a fall (adjusted odds ratio, OR = 0.77, 
95% CI = [0.62-0.94]), (Hanlon et al., 2002).  Socio-demographic characteristics, 
health problems, and race differences appear to be crucial risk factors for single and 
multiple falls in community-dwelling African American and White older adults, with 
White older adults at greater risk of one-time falls (Hanlon et al., 2002). 
  
A number of studies have reported that Chinese cohorts had approximately 50% lower 
fall rates compared to western populations (Chan et al., 1997; Chu et al., 2005).  A 
study by Kwan et al. (2013a) has indicated that low fall rates in Chinese cohorts 
resulted from higher levels of concern about falls and reduced exposure to risk due to 
more structured activity patterns. 
 
The lack of willingness and preference of not reporting falls could also reflect in the 
variations seen in reporting falls.  For instance, Shin et al. (2009a) found that in the 
Korean older population, older adults were often not willing to share information about 
what was considered as a disgraceful experience such a fall with unfamiliar persons, 
with a fall being perceived as an embarrassing event in their life. 
 
In addition, Caucasian women are significantly more likely than African American 
women to fall outdoors versus indoors (odds ratio (OR) =1.6, 95% CI =[1.0-2.7]), and 
laterally versus forward (OR =2.0, 95% CI =[1.1-3.4]), but less likely to fall on the hand 




risk in older women of different ethnicities.  The differences in fracture risk may be 
due in part to the different ways in which older Caucasian and African American 
women fall, rather than how often they fall (Faulkner et al., 2005). 
 
2.4.1.5 Living Arrangements 
 
Living arrangements are one of the socio demographic factors which has been 
reported to be associated with the prevalence of falls among older people.  A 
prospective study carried out among 666 community dwelling people aged 50 years 
and above in a rural county in the eastern part of North Carolina found that older 
people who lived alone of both genders experienced more falls compared to those 
who lived with others (Elliott et al., 2009). 
 
In Asia, it is a common social norm or practice for older adults to be taken care of by 
their family members.  But due to rapid changes in socio economic wealth and 
affluence, and transition towards being more like some developed countries, this 
practice seems to be changing.  Informal care giving difficulties are being seen due to 
the increasing role of women in the employment sector, reduced perception, and 
value on traditional care, and the increasing trend of the nuclear family.  These 
scenarios have tended to result in more older people in Asia living alone over time 
(Dsouza et al., 2014). 
 




Depression among older people commonly develops as a result of the complex 
interaction of age-associated physiological changes, stressful life events, cognitive 
and genetic vulnerabilities (Fiske et al., 2009).  It has been reported that 15 percent 
of community dwelling older people have significant depressive symptoms and about 
two percent present with major depressive symptoms (Blazer, 2003).  Older people 
who suffer from depression are less likely to be involved in physical activity, and are 
more likely to have low Activities of Daily Living (ADL) level, poor quality of life, and 
functional dependence (Blazer, 2003; Nyunt et al., 2012; Wada et al., 2005).  These 





Studies have also indicated that the use of medications to treat depression (such as 
serotonin, benzodiazepines) were associated with increased risk of falls (Lindsey, 
2009).  In accordance to Cesari et al. (2002), a recent cross-sectional study from the 
2010 National Social Life and Aging Project examined the relationship of anti-
depressant medication and depressive symptoms on fall occurrence among 2338 
adults aged 57 years and above.  Findings confirmed that older adults who were 
prescribed with antidepressants and had depressive symptoms had higher risk of falls 
(Prizer et al., 2015).  Therefore, the mechanism of medication related to depression 
may become an iatrogenic factor that should be investigated and elucidated in the 
attempt to reduce the risk of falls among depressed older people. 
 
Moderate levels of depression have also been reported in Asian countries (Vietnam, 
Indonesia and Japan) with prevalence reported between 17.2 to 33.8 percent in adults 
aged 60 years and above (Wada et al., 2005).  This study indicated that those who 
experienced depression had low ADL performance and poor quality of life (Wada et 
al., 2005).  Furthermore, robust findings from previous studies have reported that 
presence of depressive symptoms was positively associated with falls among western 
populations (Deandrea et al., 2010; Tinetti et al., 1988) and Asian populations (Eun 
et al., 2015; Kwan et al., 2011a).  In Malaysia, it was reported that the prevalence of 
depression among Malaysians aged 60 years and above was approximately 13 
percent (Rashid & Tahir, 2014). 
 
Interestingly, in addition to depression, recent findings indicated that higher levels of 
stress were found to be significantly associated with increased risk of falls among 
Korean older people.  This factor was found to differ from what has been reported in 
previous systematic reviews and meta-analyses on falls risk factors (Deandrea et al., 
2010; Kwan et al., 2011a).  Despite stress levels being rarely reported and not 
commonly investigated by previous studies, it was noted that higher levels of stress 
was reported to be a trigger factor for falls, and was subsequently related to hip and 
pelvic fractures (Fink et al., 2014; Moller et al., 2009).  Therefore, further investigation 
should be undertaken in various populations to verify the significance of this possible 
risk factor. 
 
2.4.2.2 Fear of falling  
 
Fear of falling is characterised by anxiety related to walking or a concern about falling 




associated with poor balance ability.  A population based study indicated the 
prevalence of fear of falling among older person was 43 percent (Lach, 2002).  
 
Among Asian populations, fear of falling has become one of the emerging health 
problems for older people.  In India, a study measured fear of falling using the short 
form Falls Efficacy Scale- International (FES-I), and found that the prevalence of fear 
of falling among 250 people aged 60 years and over who lived in urban areas was 
33.2 percent (Mane et al., 2014).  This study indicated that fear of falling significantly 
correlated with activities reduction, history of falls in the previous six months, lower 
educational status, family living arrangements, and depression.  In a similar study, 
fear of falling was reported in 76.6% older Koreans (Kim & So, 2013).  
 
Furthermore, a recent study conducted in Taiwan investigating the incidence, 
characteristics and risk factors for fear of falling among 3284 community dwelling 
people aged 65 year and above, indicated more than half of the participants reported  
fear of falling.  The study also identified that fear of falling was most prevalent among 
female as compared to male participants.  In addition, the prevalence rate of falls 
regardless of gender differed for those who experienced fear of falling, being 
significantly higher compared to those without fear of falling.  The study concluded 
that history of falls, female gender, low perceived health, insomnia and depression 
were correlated to fear of falling (Chang et al., 2016). 
 
Consistent with these findings, the review by Kwan and colleagues (2011a) identified 
that fear of falling was a significant risk factor for falls, with odds ratios ranging from 
1.9 to 3 in six fall studies among Chinese populations.  Interestingly, this review also 
indicated that one study has reported that fear of falling was found to be a protective 
factor for falls (Zhang et al., 2005).  This discrepancy was considered to possibly be 
attributed to the adaptive behaviours among the studied population by decreased risk 
taking behaviour and being less engaged in unplanned activities. 
 
From these findings, it can be concluded that fear of falling is a common problem 
related to falls among older people in Asian countries as well as western countries, 
even though there is limited research carried out investigating contributors to fear of 
falling in Asian populations.  Therefore further investigation should be undertaken to 
identify associated risk factors which contribute to the prevalence of fear of falling in 





2.4.3  Balance and mobility impairment 
 
Balance is essential for mobility and performing activities of daily living.  Gait and 
balance impairment have been consistently reported as among the strongest risk 
factors for falls among community dwelling older people (Ambrose et al., 2013; 
Deandrea et al., 2010; Kwan et al., 2011a; Lord et al., 2007; Muir et al., 2010; Tinetti 
et al., 1988).  Decreased muscle strength, less flexibility (stiffness) and reduced 
coordination of postural control could lead to poor gait pattern and balance impairment 
among older people.  Overall, older people with balance and/or gait impairment are 
twice as likely to fall as those without balance and/or gait impairment (Deandrea et 
al., 2010).  Similar findings were reported among Chinese populations. Kwan et al. 
(2011a) in their review indicated that five studies have reported significant 
associations between balance impairment and falls among Chinese populations.  
Balance and mobility impairment (incorporating static (standing balance) and dynamic 
balance (e.g. functional reach test, sit to stand test), and gait (e.g. Timed Up and Go 
test) were found to be significantly associated with increased risk of falls by 1.4 to 2.6 
times among Chinese older populations (Kwan et al., 2011a).  However, high 
heterogeneity between studies due to inconsistency in measurements of muscle 
weakness and balance impairment was reported in the Deandrea et al. (2010) review, 
who could not establish a risk for balance and gait impairment risk factor firmly.  
Furthermore, limited numbers of balance and gait assessment have been conducted 
among Asian populations.  Therefore further investigation and intervention should be 
carried out to fill the existing gap. 
 
In addition, poor mobility that is often associated with musculoskeletal or neurological 
impairments may contribute to gait abnormalities, impaired postural control, and poor 
functional balance (Axer et al., 2010; Barak et al., 2006; Bhatt et al., 2011; Chu et al., 
2006; Lord et al., 2011; Muir et al., 2010).  The ability to maintain balance during 
navigation in daily activities is a key component of successful ambulation.  Balance 
impairment, gait impairment and lower limb muscle weakness are important factors 
associated with reduced functional mobility and dependency in daily tasks among 
older people (Ribeiro & Oliveira, 2010).  Deterioration of muscle strength, slower 
reaction time and presence of pain have been shown to affect balance and motor 
performance (Ribeiro & Oliveira, 2010).  Neurological conditions which result in gait 
dysfunction, such as stroke, Parkinson’s disease, cerebellar disorders and 





Age related changes in the walking pattern have generally been interpreted as 
indicating the adoption of modified gait to increase gait stability (Barak et al., 2006; 
Jerome et al., 2015; Shkuratova et al., 2004).  However, other than age, variability in 
the gait deficits observed in older adults such as increased stride width, reduced 
walking speed and stride-to-stride variability are independent predictors of falling 
(Barak et al., 2006; Campbell et al., 1989; Hausdorff et al., 2001; Jerome et al., 2015) 
which may be influenced by cognitive function or psychological aspects such as 
depression, anxiety or fear of falling (Justine et al., 2014).  
 
An aspect of balance impairment that has had relatively little focus in the research 
literature is having difficulties during turning (Dite & Temple, 2002a).  Compared to 
regular walking, falls while turning are eight times more likely to result in hip fracture 
than falls when walking straight (Cumming, 1998), and have also been found to be 
associated with greater risk of slip-related falls (Nagano et al., 2013).  Turning is an 
essential gait related activity involved in regular daily functional tasks.  One study 
reported that 20% of steps during indoor daily activities involve turning (Sedgman et 
al., 1994).  Another study evaluating turning in four community activities, including 
walking through a cafeteria, through a convenience store, and from a specific office 
to a car in the parking lot, found that between 8-50% of steps involved turning 
manoeuvres (Glaister et al., 2007). These findings emphasise the importance of 
turning in daily ambulation. 
 
Turning has also been shown to be a more challenging aspect of gait compared to 
straight-line walking (Segal et al., 2008a) and the ability to maintain balance during 
turning is complex (Hase & Stein, 1999).  Turning is a movement which requires an 
individual to transport the body’s mass while maintaining a state of stability in order to 
change direction during ongoing locomotor trajectory (Akram et al., 2010; Orendurff 
et al., 2006).  The process of turning consists of deceleration of forward motion, trunk 
rotation and stepping out towards new direction (Glaister et al., 2007).  This is 
accomplished in three consecutive steps: approach, pivot, and acceleration steps 
embedded within two phases Thus, postural adjustment is critically dependent on 
integration of sensory input and requires high demand of neuromuscular control 
(Orendurff et al., 2006; Segal et al., 2008b; Simpson et al., 2002).   
 
Previous research has reported that older people show less stability while turning 
(Thigpen et al., 2000).  For example, Baird and Van Emmerik (2009) examined turning 




Findings indicated that older people had greater postural instability and used more 
foot movements to sustain postural stability while performing the turning task.  In 
another related study, Dite and Temple (2002a) found that older people with a history 
of falls took more steps and required longer time to complete a 180 degree turn during 
performance of the Timed Up and Go test, compared to those without a history of 
falls.  There has been limited assessment procedures suitable for clinical practice 
reported in the research literature (Table 2.5) 
 
Despite the importance of turning as an essential gait related activity involved in daily 
functional tasks, there has been relatively little study related to turning in older people 
conducted.  Further investigation on the impact of turning on falls, and falls related 
injuries such as hip fractures are required. 
 
2.4.4  Medication 
 
The number of medications taken by older adults and the associated falls risk have 
received considerable attention of researchers and healthcare providers.  With the 
general increase in prevalence and severity of health problems in older adults, 
medication use also increases with advancing age.  Polypharmacy (taking more than 
four medications) is an independent factor that commonly has been reported to 
increase the risk of initial or recurrent falls among older people (Hammond & Wilson, 
2013; Hartikainen et al., 2007; Kojima et al., 2012; Ziere et al., 2006).  Similar findings 
were also reported in the Deandrea and colleagues meta analyses, which indicated 
that an increase in one medication is likely to increase the odds of experiencing a fall 
(Deandrea et al., 2010).  
 
Similar findings were reported in a recent study based to the prospective Irish 
Longitudinal study on Ageing among 6,666 adults aged 50 years and above.  This 
study found that polypharmacy, including antidepressant use, was significantly 
associated with greater risk of injurious falls and increased number of falls in middle-
aged and older adults (Richardson et al., 2015).  Furthermore, a review of 29 studies, 
consisting of 28 observational studies and one randomised controlled trial, concluded 
that psychotropic medications, such as benzodiazepines, antidepressants, and 
antipsychotics, were associated with falls (Hartikainen et al., 2007). 
 
Woolcott et al. (2009) conducted a meta-analysis to identify the association between 




relevant drug classes included in the analyses.  The study concluded that sedatives 
and hypnotics, antidepressant and benzodiazepines drugs were significantly 
associated with falls among older people.  More recent evidence has suggested that 
polypharmacy solely may not be as important as a risk factor for falls.  The effect of 
medication on fall risk factors was shown to be more related to the types of medication 
(e.g. benzodiazepine, digoxin, central analgesic) which were significantly associated 
with increased risk of falls (Hammond & Wilson, 2013).  Furthermore, polypharmacy 
is often an indicator reflecting the underlying multiple medical conditions experienced 
by older people, that predisposes them to higher risk of falls (Lord et al., 2007). 
 
In addition to the number and type of medications taken, certain classes of 
medications contribute to falls risk due to side effects of the medication.  Some of the 
more common side effects of medications that may be associated with increased risk 
of falls include blurred or impaired vision, sedation or decreased alertness, confusion 
and impaired judgment, delirium, compromised neuromuscular function, anxiety, or 
hypotension leading to dizziness and light headedness (Chen et al., 2014). 
 
2.4.5  Sensory and neuromusculoskeletal risk factors 
 
The somatosensory, vestibular and visual systems are responsible for receiving 
sensory information and transmitting information via afferent nerves to the central 
nervous system.  The integration of these systems is important in maintaining balance 
(Shumway-Cook & Horak, 1986), and to defend against falls. 
 
2.4.5.1 Somatosensory impairment 
 
The responsive capability of the somatosensory system was shown to be inversely 
correlated with aging (Shaffer & Harrison, 2007).  There is an association of the 
structural and functional decline of the somatosensory and/or central nervous 
systems which potentially contributes to increased postural instability in older adults.  
This can cause diminished touch and texture sense, decreased response to vibration 
(Richardson & Hurvitz, 1995; Wickremaratchi & Llewelyn, 2006) and impaired joint 
position awareness, all of which are associated with an increase in postural sway, a 
strong indicator of standing balance.  The following independent risk factors for falls 
are related to the somatosensory system: impaired ankle tactile sensitivity, reduced 
knee vibration sense and impaired joint position (Shaffer & Harrison, 2007; Woollacott 




neuropathy and falls with those with electromyographically identified peripheral 
neuropathy having a far more likely chance of falling and repetitive falling (Richardson 
& Hurvitz, 1995).  Therefore, effective functioning of the somatosensory system is 
important to evaluate when determining falls risk insofar as these deficits may 
negatively impact the older adult’s safety, body position awareness, and/or muscle 
reaction to a perturbation while in a balanced position during functional activities (Lord 
& Ward, 1994). 
 
2.4.5.2 Vision impairment 
 
The Deandrea and colleagues meta-analyses showed that older adults with visual 
impairment are 1.4 times more prone to falls compared to those who did not have 
visual impairment (Deandrea et al., 2010).  Similar findings were reported among 
older Chinese populations (Kwan et al., 2011a).  With respect to age-related visual 
system deficits, the eyes undergo physiological changes which result in poor lens 
elasticity, reduced lens transparency, decreased visual acuity, low contrast sensitivity, 
and decreased accommodation during lighting variations (Gittings & Fozard, 1986).  
These impairments are common among older adults as they accompany cataracts, 
macular degeneration and glaucoma.  Older adult fallers may rely more on visual cues 
to recognize and correct postural deviations during dynamic activities as compared to 
non fallers (Cromwell et al., 2002), possibly resulting from reduced age and health-
related proprioceptive and vestibular impairments (Lord & Webster, 1990).  This 
finding suggests that visual input is an important factor in maintaining postural stability 
in older adults.  
 
An increase in sway during standing when visual input is altered or removed may in 
part account for this increased risk (Woollacott et al., 1986).  In a cross-sectional 
survey of eye disease with a retrospective collection of falls information, tests of visual 
function associated with two or more falls were contrast sensitivity and visual acuity 
(Attebo et al., 1998; Ivers et al., 1998).  
 
2.4.5.3 Vestibular impairment 
 
The vestibular system provides information about the position of the head in space, 
and head movement with respect to gravity and inertial forces.  Deterioration in 
vestibular function can cause feelings of unsteadiness, light headedness, violent 




adults.  Older adults with vestibular dysfunction have greater risk of falling (Agrawal 
et al., 2009; Baloh et al., 2001; Herdman et al., 2000).  Similar to the somatosensory 
and visual systems, age effects occur in the vestibular system, such as 40% reduction 
in hair cells for those over the age of 70, a progressive loss of nerve fibres in the 
peripheral vestibular system and an overall decline in vestibular system function 
(Baloh et al., 2001; Dieterich & Brandt, 2001).  
 
Herdman et al. (2000) indicates that the incidence of falls in those aged 65 to 74 years 
of age with increased bilateral vestibular dysfunction is 26.1% greater than age-
matched community dwelling older adults with normal vestibular function.  In addition 
to age related effects, pathology of the vestibular system also results in degeneration 
of vestibular function and associated symptoms, for example, benign paroxysmal 
positional vertigo (BPVV),  Meniere’s diseases, and vestibular neuritis (Ekvall 
Hansson & Magnusson, 2013; Gazzola et al., 2006; Herdman et al., 2000).  The 
Deandrea and colleagues meta-analysis reported a significant increase in risk of falls 
associated with dizziness and vertigo (Deandrea et al., 2010).  Furthermore, the 
vestibular impairment was also reported as a mediator risk factor for falls among 
diabetes patients, and increased risk of falls two fold compared to those who did not 
have diabetes (Agrawal et al., 2010). 
 
2.4.6  Medical conditions 
 
A number of studies have identified a range of medical conditions that are associated 
with increased risk of falls.  Similar findings were reported regarding types of medical 
conditions and chronic illnesses which were significantly associated with falls in both 
Western and Asian populations (Deandrea et al., 2010; Kwan et al., 2011a; Sohng et 
al., 2004).  Both reviews indicated medical conditions such as diabetes mellitus, 
stroke, urinary incontinence, rheumatic disease, dizziness and vertigo, pain and 
Parkinson’s disease were significantly associated with the prevalence of falls. 
 
2.4.7  Environmental factors 
 
Environmental factors are extrinsic risk factors that can be strongly associated with 
increased risk of falls.  Previous studies indicate that 30-50% of fall prevalence among 
community dwelling older people result from environmental factors (Braun, 1998).  
Lord et al. (2007) reviewed a number of studies examining the association between 




contribute to falls in older people, but were often not solely the cause of falls.  
Moreover, falls that involve an environmental contribution might often result from 
interaction between an individual’s physical capability and the environmental hazards, 
rather than simply the environmental threat alone (Lord et al., 2007).  
 
2.4.8  Summary of risk factors for falls 
 
In conclusion, even though there are a large number of epidemiological studies that 
have established significant risk factors for falls in older people, most of these studies 
were focused among Western populations.  Recently there has been some limited 
evidence arising from investigations of falls risk factors in Asian populations, although 
the majority of these data are from retrospective studies.  There are many common 
risk factors evident between populations from western and Asian countries, however 
the available studies currently also highlight some risk factors that appear to differ 
between western and Asian countries (marital status, psychological aspects relating 
to falls such as depression, and physical inactivity) or where the risk factor has not 
been well investigated in Asian countries (e.g. cognitive and education background, 
physical activity, postural balance, function and mobility, environmental factors).  
Furthermore, fall risk factor studies in Asia have primarily focused on Chinese 
ethnicity, and there is a need for similar studies in other major ethnicities such as 
Indian and Malays across Asia.  Given consideration to the above findings, there 
appear to be some differences in risk profile between countries, it is likely to be 
important for identification of fall risk factors in specific populations that differ from 
those where existing risk factor studies have been conducted, to ensure targeting of 
the most culturally and ethnically relevant falls risk factors and interventions. 
 
2.5 Fall risk assessment 
 
Due to the devastating consequences of falls to older adults and society, considerable 
efforts have been devoted to implementing and evaluating fall prevention programs.  
A commonly used basis for targeting risk factors in fall prevention programs has been 
to undertake a detailed fall risk assessment, to identify those who are at risk of falls, 
and to identify what mix of risk factors are most relevant to target for an individual.  
 
The terms of “falls risk assessment” and “falls risk screening” are common used 




identify factors that increase risk of falls which could be reduced with subsequent 
intervention, whereas screening is primarily focussed on identifying individuals who 
are at risk of falls (Close & Lord, 2011).  Generally, a detailed falls risk assessment 
may consist of questions regarding history and circumstances of falls, physical 
examination, gait and functional mobility performance, postural stability and balance, 
medical conditions and medication review, muscle strength, sensory evaluation, and 
blood pressure. 
 
At present, there are number of fall risk assessment tools that have been evaluated 
for one or more psychometric properties, as listed in Table 2.4, and used as an initial 
step to reveal the causative factors and associated risk for falls in various populations 
prior to development of a suitable individualised fall intervention (Lee et al., 2013a; 
Perell et al., 2001). 
 
However, it is important to note that while some falls risk assessment tools have been 
investigated for their reliability and validity in specific settings, there are some in use 
have not been standardised within or across various settings (Lee et al., 2013a).  
Furthermore, assessment tools that have been validated in one setting (e.g. 
community) may require some modification and re-evaluation of validity in other 
settings (i.e. it is unlikely that the same falls risk assessment tool will be equally 
effective in community and hospital settings).  Therefore the usefulness of the 
assessment tool in predicting falls may vary depending on the health status and level 
of function among the studied population (Lee et al., 2013b).  
 
Thus, selecting a validated assessment tool for the specific population being 
considered is important.  According to Perell et al. (2001), it is recommended to use 
a screening or assessment tool that meets the following criteria: high sensitivity, 
specificity, inter-rater reliability, similarity of population in which the tool was 
developed; standardised written procedures which outline the appropriate use of the 
tool; feasible time requirements to administer the tool, and to provide cut off points to 
identify increased or high risk, indicating the need for appropriate interventions.  
 
In a more recent review, Lee et al. (2013b) identified 16 fall risk assessment tools that 








Table 2.4: A selection of validated fall risk assessment tools reported in the community setting 
Tools Developed Population tested Measured risk factors  Validity / reliability  
FROP-Com Falls Risk 
for Older People – 
community version 
(Russell et al., 2008)  
Australia Older community 
dwelling 
presenting to an 
emergency 
department after a 
fall 
History of fall, medications, 
medical conditions, sensory 
loss, foot problems, cognitive 
status, continence, nutritional 
status, and function. 
Score = (0-60) 
Cuts off score >18 indicated high 
risk of falls 
Sensitivity 71.3%, 
Specificity 56.1%  
Inter rater reliability (ICC 
= 0.93)  
Test retest reliability 
(ICC = 0.91) 
Fall Risk Assessment 
Tool (Nandy et al., 2004) 
United 
Kingdom 
1000 people aged 
65 years and 
above at primary 
Care center  
History of falls, medications, 
psychological and cognitive 
status. 
Total score = 20 
high specificity (0.92, 
95% CI 0.88–0.94) and 
a positive predictive 
value of 0.57 (0.43–
0.69); low sensitivity 
(0.42, 95% CI 0.32–
0.54) and negative 
predictive value (0.86, 
0.83–0.89) 








Table 2.4.: (continued). A selection of validated fall risk assessment tools reported in the community setting 
Tools Developed Population tested Measured risk factors  Validity / reliability  
FallScreen© Physiological 
Profile Assessment 
(Lord et al., 2003) 
Australia Community 
dwelling 
Vision, peripheral sensation, lower 
limb strength, body sway and 
reaction time. 
Score 1 or more indicates 
increased risk of falling. 
79% of accuracy 
Reliability ICC= 0.82 
(0.69-0.89 at 95% 
CI)  
QuickScreen (Tiedemann 
et al., 2012)- 
Australia Community 
dwelling 
History of fall, medication, visual 
acuity, tactile sensitivity, lower 








History of falls, balance, gender, 
vision and vison acuity, 
medication,  
environment focus on “Thai 
house”. 
Score ranged from (0 to 11) with 
cut off = 4 
Sensitivity = 0.92  
Specificity = 0.83  






 While their review indicated that there is moderate evidence of usefulness of fall risk 
assessment applied in community settings, they suggested further development of fall 
risk assessment should address this gap and for future intervention.  Of note, most of 
the falls risk assessment tools were developed and tested among western 
populations.  Additionally, Dsouza et al. (2014) has highlighted that differences in 
aspects of culture, language, environment, lifestyle, and socioeconomic variables 
between Asian populations and Western populations could possibly affect the 
suitability and acceptability of a falls risk assessment tool between populations.  For 
instance, a traditional practice such as rising from sitting on the floor is a common 
daily task among some Asian communities, including older people, which is a 
relatively uncommon practice and therefore not routinely assessed among western 
populations.  There is a need for further investigations on the use of established fall 
risk assessment tools developed in Western countries as to suitability and applicability 
in assessing risk for fall in the other populations. 
 
2.5.1  Assessing balance and mobility performance 
 
Balance refers to the individual’s ability to maintain the centre of gravity of the body 
vertically over the base of support (Shumway-Cook et al., 2007; Woollacott et al., 
1986).  Balance is a complex process and encompasses sustaining postures, 
initiating movement, and recovering equilibrium utilising integration of sensory input 
(visual, vestibular and somatosensory system) and coordinating subsequent motor 
output (Mancini & Horak, 2010).  Due to the complexity of balance between 
individuals, previous studies have recommended that balance assessment should be 
measured across different domains and be obtained from more than single measures 
(Bernhardt et al., 1998; Sibley et al., 2011).  Further understanding and identifying of 
underlying mechanisms that are related to balance performance of individuals is an 
essential aspect prior to implementing appropriate interventions to improve balance 
and mobility performance and reduce risk of falling (Horak, 2006; Sibley et al., 2011).  
 
Balance can be classified into static and dynamic balance.  Static balance refers to 
the ability to maintain steady posture without any voluntary movement of the base of 
support (BOS).  Dynamic balance refers to the ability to maintain equilibrium of the 
Centre of Gravity (COG) during active movement either voluntary or as response to 
an external perturbation.  The most common method for classifying balance 
measurement is referring to the complexity of the balance task.  The balance 




altering sensory information.  For instance, maintaining balance during bilateral 
standing with feet together (narrow base support) will be more challenging than feet 
apart (wider base support).  Meanwhile standing on a firm surface is easier than 
standing on a foam surface.  In addition, the level of challenge and complexity of 
balance tasks could be varied from a simple static single task such as static stance to 
dynamic task performed simultaneously with an additional task (dual task) or 
additional multiple tasks (multitasking).  
 
A prospective study conducted among 29 stroke patients, undergoing rehabilitation to 
improve balance has indicated that dynamic balance tasks showed more 
responsiveness to change over time compared to static balance tasks.  Based on the 
factor analysis performed in this study, a number of balance measures were grouped 
into static, and dynamic single limb stance and dynamic bilateral stance tasks 
(Bernhardt et al., 1998). 
 
Mancini and Horak (2010) conducted a review indicating that clinical balance 
assessments are able to discriminate the various types of balance impairment, while 
physiological approaches are able to determine the underlying sensorimotor 
mechanisms that contribute to balance dysfunction.  Objective measurement of 
balance using computerised systems and / or wearable inertial devices may provide 
more accurate, responsive, and sensitive balance assessment.  
 
Given the large number of balance assessment tests available, it is important to 
ensure an appropriate selection of measurements to comprehensively assess 
underlying balance impairment and assist in defining an effective intervention 
(Bernhardt & Hill, 2005).  Table 2.5 lists a common balance and mobility measures 
used for community dwelling older adults.  The capacity of measurement tools in 
discriminating individuals with various balance conditions, as well as in evaluating the 
effectiveness of intervention programs should be important factors in the process of 
selecting the most appropriate suite of measurement tools for a specific sample.  
Thus, a comprehensive clinical assessment of balance, utilising an appropriate 
selection of tests relevant to the population or severity of balance dysfunction, plays 
an important role in revealing underlying level and type of balance impairment that 







Table 2.5: Lists common balance and mobility measures reported in the community setting 
Tool Measures Validity/ reliability  
Timed up and Go (TUG), 
(Podsiadlo & Richardson, 1991)  
Used to assess mobility, balance , walking ability and falls risk in older 
adults.  Simple balance test based on the timed adaption to perform 3 
meters walking from seated position and return to the chair. 
Excellent inter-rater ( ICC=0.99) and 
test retest (ICC = 0.99) reliability. 
 
Activities-Specific Balance 
Confidence Scale (ABC), (Powell 
& Myers, 1995)  
Used to measure self perceived confidence on balance while 
performing.  A 16 items questionnaire in which subjects rate their 
confidence that they can maintain their balance in the course of daily 
activities. Items are rated from 0% (no confidence) to 100% (complete 
confidence) and averaged. 
Good test-retest reliability (ICC 
ranging from 0.7 to 0.92) 
Balance Evaluation SystemsTest 
(BESTest), (Horak et al., 2009) 
Consists of 36 items, grouped into six systems: i) Biomechanical 
Constraints, ii) Stability Limits, iii) Anticipatory Postural Adjustments, 
iv) Postural Responses, v) Sensory Orientation, and vi) Stability in 
Gait. Each item is scored on a four level, ordinal scale from 0 worst 
performance) to 3 (best performance). 
Good inter-rater reliability 
(ICC=0.91).  
Moderate correlation with ABC Scale 
was r=.636, P<.01 
Berg Balance Scale (Berg et al., 
1995) 
Used to identify balance impairment by assessing of functional tasks 
performance. A 14 item of functional activities including sitting, 
standing, transferring, turning. Item scored from 0-4 with a maximum 
score of 56 with maximum score of 56. A score <45 is associated with 
increased risk of falling. 
Good reliability (96% of non- faller 
were classified).  
Excellent test-retest reliability (ICC= 
0.91) and intra rater reliability (ICC= 
0.97). 
Tinetti Balance and Gait 
Assessment (Tinetti et al., 1986) 
Used to measure gait and balance based on task performance exam. 
A 14 item of balance and 10 item gait test. Maximum score is 40 and 
individual with score <36 are greater risk of falling. 
Excellent sensitivity (93% of faller 
were classified) 
Good inter rater reliability (85%). 
Functional Reach Test (Duncan et 
al., 1990) 
Used to evaluate of dynamic balance test of reaching ability in bilateral 
stance (self-generated perturbation). Subjects were asked to standing 
along a wall, holding arms in front, and then has to lean forward as far 
as they can. The distance covered by the extremity of the major finger 
along a horizontal ruler will be measured. 
Good to excellent reliability, inter 
rater reliability (IC = 0.98), test-retest 
reliability (ICC = 0.92). 
Excellent predictive validity of 




However, there are some aspects that should be considered prior to selecting balance 
measurements such as reliability and validity of measurements, administration factors 
including cost, time and skill, and population or sample characteristics where the 
measurement will be applied (Berg, 1989).  The selection of appropriate 
measurement for a specific population is important to minimise ceiling effect or floor 
effects of the measurement.  Ceiling effects occur when most participants are able to 
achieve maximum scores due to the measurement being too easy, and floor effects 
are when most participants are not able to obtain a score on a measurement because 
of the difficulty of the assessment task.  
 
In the present thesis, two broad forms of measurements were conducted to assess 
balance and mobility performance: i) clinical measures, and ii) laboratory measures 
using the computerised Neurocom™ Balance Master long force platform (Bock & 
Beurskens, 2010; Suttanon et al., 2012; Yang et al., 2012).  
 
Clinical measures of balance are easy to use, quick to administer, able to predict risk 
of falls and do not require expensive equipment, as compared to computerised 
balance measures.  However, some clinical measures of balance have been reported 
to provide less objective results, suffer of ceiling effects and not be responsive to 
measuring small improvements or deterioration of balance (Beauchet et al., 2011; 
Muir, 2009; Muir et al., 2010).  However, other clinical measures have been shown to 
address these limitations (e.g. the Step Test, Four Square Step Test) (Bongers et al., 
2015; Carty et al., 2015; Cho et al., 2004)  
 
In summary, balance assessment is complex, and needs to be investigated using an 
assessment suite that comprises the key domains of balance (static, dynamic bilateral 
stance, dynamic single limb stance tasks) and may include both clinical, and where 
appropriate and available, laboratory assessment including force platform measures. 
 
2.6  Fall prevention among community dwelling older adults 
 
Given the extent of consequences of falls and fall related injuries among older people, 
and the rapidly increasing number of older people in the developing/ Asian countries, 
further attention towards fall prevention among these populations should be 
undertaken to address the gap in this current literature (Dsouza et al., 2014; Hua et 




that a range of interventions are effective for falls prevention among community 
dwelling older adults (Gillespie et al., 2012).  However, most of the established 
evidence on effective fall prevention interventions has been conducted in Western 
populations.  The evidence of effectiveness of fall prevention interventions that aimed 
to reduce incidence of falls among older people in the community has been 
summarised by Gillespie et al. (2012) in a Cochrane review which comprised 159 
randomised controlled studies with a total of 79,193 participants.  Based on the 
existing Cochrane review, only 15 (9%) out of the 159 RCTs were conducted in the 
Asian region (Gillespie et al., 2012).  Of the 15 randomised controlled trials, 
conducted in Asian countries, (Japan, n=6; (Iwamoto et al., 2009; Kamide et al., 2009; 
Sato et al., 2005; Shigematsu et al., 2008; Suzuki et al., 2004; Yamada et al., 
2010),Taiwan n=6; (Huang et al., 2010; Huang & Acton, 2004; Huang & Liang, 2005; 
Huang et al., 2011; Lin et al., 2007; Shyu et al., 2010), Thailand, n=2; (Assantachai 
et al., 2002; Jitapunkul, 1998), and China, n=1 (Woo et al., 2007).  This review shows 
that the evidence based intervention on fall prevention among Asian populations is 
still scarce (Gillespie et al., 2012).  
 
In the present thesis, the interventions for the prevention of falls have been classified 
according to the Prevention of Falls Networks Europe (ProFaNE) classification as (i) 
single intervention, (ii) multifactorial intervention (consist of two or more interventions, 
aimed at an individual’s risk factors identified in fall risk assessment), and (iii) multiple 
interventions (more than one intervention applied to all participants), based on the 
number, types and combination of interventions utilised, such as exercise, education, 
psychological, environment / home modification, medication review and surgery and 
nutritional interventions (Lamb et al., 2011). 
 
2.6.1  Single interventions 
 
Single intervention refers to the application of only one type of intervention that is 
delivered to all participants.  Single interventions were further classified into eight 
categories as described according to the ProFaNE classification as (i) exercise, (ii) 
medication, (iii) surgical intervention (cataract, cardiac pace maker), (iv) assistive 
technology/environmental, (v) nutritional/ fluid therapy, (vi) education and knowledge 
intervention, (vii) incontinence intervention, and (viii) psychological intervention.  The 
2012 Cochrane review of falls prevention in the community setting reported 59 single 




interventions that have been reported to reduce the rate of falls are exercise, gradual 
withdrawal of psychotropic medication, cataract surgery, footwear, and pacemaker 
insertion (in people diagnosed with carotid sinus hypersensitivity), while home safety 
assessment and modification has been found to reduce the rate and risk of falling 
(Campbell et al., 2005; Gillespie et al., 2012).  In addition, the use of two sets of 
glasses rather than bi/multifocal lenses seems to be effective in reducing falls only 
among older persons who actively engaged in outdoor walking activity (Haran et al., 
2010). 
 
While in Asia, exercise interventions (n=8) were found to be most prevalent 
intervention type that had more than one randomised controlled trial.  However, only 
two studies (Suzuki et al., 2004; Woo et al., 2007) comprised of group exercise and 
Tai Chi provided positive outcome.  Both studies fulfilled the two key criteria such as 
minimum 50 hours exercise dosage as well as encompassed moderate to high 
challenge of balance (Sherrington et al., 2011).  The remaining six trials were not 
successful in reducing falls rate or risk of falls (Huang et al., 2010; Iwamoto et al., 
2009; Kamide et al., 2009; Lin et al., 2007; Shigematsu et al., 2008; Yamada et al., 
2010).  They included resistance training, Tai Chi, home exercise programs 
(individualized, flexibility, strength and balance exercises), square stepping exercise, 
combined centre based and home based calisthenics, balance, power and walking 
home based programs, and a combined exercise class and trail walking program. 
 
2.6.2  Multifactorial interventions 
 
Multifactorial interventions are those where the intervention consists of a combination 
of two or more types of intervention delivered to participants based on their individual 
risk factors, and usually based on a falls risk assessment tool or assessment.  
Multifactorial interventions that are linked with specific predisposing and precipitating 
factors identified from multifactorial assessment have been shown to be effective in 
reducing falls (Tinetti, 2003).  Potential multifactorial interventions included 
combinations of exercise programs, medication review, vitamin D and calcium 
supplementation, prescription of assistive walking devices or suitable footwear and 
referral to healthcare professionals for treatment.  According to Gillespie et al. (2012), 
multifactorial interventions which include individual fall risk assessment are 
significantly reduced rate of falls by 23 percent (RaR =0.76, 95% CI = [0.67 to 0.86]) 





Four multifactorial falls intervention studies in the 2012 Cochrane review were 
conducted in Asia Huang 2004 (Huang & Acton, 2004; Huang & Liang, 2005; 
Jitapunkul, 1998; Shyu et al., 2010).  Only one trial reported to be successful in 
reducing risk of falls among patients with hip fractures.  Shyu et al. (2010) conducted 
a multifactorial intervention which consisted of three components namely geriatrician 
review, rehabilitation and discharge planning service.  The trial showed a significant 
improvement after two years follow up in the intervention group relative to the control 
group on ADL, walking ability, less depression and better SF-36 score.  A robust 
interdisciplinary model of pre and post surgery care appeared to be a key contributor 
to the positive outcomes from this study. 
 
2.6.3  Multiple interventions 
 
Multiple interventions refer to interventions consisting of a fixed combination of 
interventions delivered to all participants in the study.  The Cochrane review has 19 
studies, with seven being effective for rate of falls; and five effective out of 18 studies 
for number of fallers.  The Cochrane review shows for multiple interventions that there 
is a borderline significant result for falls rate, and non significant for number of fallers.  
Multiple interventions that were found to be significant in reducing rate of falls were: 
(i) a combination of exercise, education and home assessment intervention, and (ii) 
a combination of exercise and nutritional supplementation (targeted at women with 
calcium and Vitamin D deficiency).  In addition, a combination of (i) exercise and 
vision assessment, (ii) exercise and home safety assessment and (iii) exercise, vision 
assessment and home safety assessment, were reported to be effective in reducing 
risk of falling (Gillespie et al., 2012). 
 
Based on the 2012 Cochrane review, there are three multiple intervention randomised 
controlled trials from Asian countries (Assantachai et al., 2002; Huang et al., 2010; 
Huang et al., 2011).  However, only one trial conducted by Assantachai et al. (2002),  
providing education using a brochure focused on a number of important falls risk 
factors and access to a geriatric clinic was effective.  
 





The most recent Cochrane review of falls prevention interventions in the community 
setting is now four years old.  A number of new randomised controlled trials that have 
reported a reduction in fall related outcomes have been published since this Cochrane 
review.  The type of the interventions that have been shown to be effective in recent 
randomised trials need to be considered in conjunction with the 2012 Cochrane 
review (Gillespie et al., 2012).  
 
Growing evidence from recent randomised controlled trials on fall intervention 
programs indicated that there have been some innovations in implementing exercise 
interventions to become more interactive and less supervised.  Recently, there are a 
numbers of trials that have demonstrated the effectiveness of interactive exercise 
using videogame technology (Schoene et al., 2013), I-STOP Fall (Gschwind et al., 
2015), Wii Fit (Chao et al., 2015), and exergaming (Hasselmann et al., 2015) which 
were reported to be effective on improving functional status as well as cognitive 
functions associated with falls among older people.  Findings from these studies 
provide new approaches and options in falls prevention using unsupervised 
interactive cognitive based interventions to reduce risk of falls (Schoene et al., 2015).  
 
Furthermore, an on-going randomised controlled trial in Malaysia, the Malaysian 
Assessment and Intervention Trial (MyFAIT), is the first multifactorial fall intervention 
trial designed to reduce falls among 300 community dwelling Malaysian fallers aged 
65 years and above (Tan et al., 2014).  The intervention group will be prescribed 
individualised intervention programs by the medical specialist which focus on six 
modalities consisting of cardiovascular intervention, fall education, Otago exercise 
(Campbell et al., 1997b), visual intervention, home hazard intervention and 
medication review.  The primary outcome measure will be fall recurrence measured 
with monthly falls diaries and falls risk factors; and psychological measures including 
fear of falling, and quality of life. 
 
2.7  Exercise interventions  
 
From the interventions described above in section 2.6 above, it can be concluded that 
exercise plays an important role as a single intervention and has also been shown to 
be most common falls prevention intervention evaluated in the Asian region.  Based 
on the Gillespie et al. (2012) review, eight out of 15 RCTs conducted in Asia were 




successful single, multiple and multifactorial interventions for falls prevention among 
older people.  Thus, exercise interventions have been based on current falls 
prevention meta-analyses (Gillespie et al., 2012; Howe et al., 2011) and best practice 
guidelines, e.g. Preventing Falls and Harm from Falls in Older People: Best Practice 
Guidelines for Australian Community Care, (ACSHQC, 2009).  Sherrington and 
colleagues have highlighted the importance of type and intensity of the exercise 
applied in their two systematic reviews and meta-analyses that focused on evaluating 
the effectiveness of exercise in preventing falls (Sherrington et al., 2008; Sherrington 
et al., 2011).  These reviews (the latter including 54 randomised controlled trials) 
identified that exercise interventions which incorporated challenging balance 
exercise, and a total duration of exercise of more than 50 hours were most likely to 
be effective in reducing the rate of falls among older people in the community.  
 
Howe and colleagues conducted a meta-analysis and systematic review to determine 
the effectiveness and the types of exercise interventions to improve balance 
performance (Howe et al., 2011).  This review analysed 94 studies of exercise 
interventions on improving balance, with the total of 9821 participants aged 60 years 
and above from the community (79 studies), institutions (11 studies), and mixed 
settings (4 studies).  Of the 94 studies, 17 studies included in this review were 
conducted with Asian populations. The review summarized and classified the 
exercise interventions into eight categories which are i) Gait, balance, coordination 
and functional task, ii) Strengthening exercise, iii) 3D exercise (Tai Chi, Qigong, Yoga, 
dance), iv) general physical activity (walking), v) general physical activity (cycling), vi) 
computerized balance training using visual feedback, vii) vibration platform training, 
and viii) multiple interventions (consisting of a combination of the above exercise 
types).  This classification was developed based to the exercise taxonomy provided 
by ProFaNE (Lamb et al., 2011).  This review concluded that exercise programs which 
incorporated dynamic stance balance training with a minimum of three times per week 
for three months duration or equal to minimum 50 hours were found to be effective in 
improving balance performance among older adults (Howe et al., 2011).  
Combinations of exercise types were found to be most common, with 43 out of the 94 
intervention studies included in this review implementing a combination of more than 
one type of exercise to improve balance (Howe et al., 2011).  
 
Although these reviews provide valuable information from the large number of 




intervention programs (Gillespie et al., 2012) and exercise interventions in improving 
balance performance (Howe et al., 2011), there continue to be new types or 
combinations of exercise being developed and investigated.  For example, a recently 
published protocol paper reports a current randomised controlled trial investigating 
the effect of dual-task functional power training on reducing falls (Daly et al., 2015). 
  
Although many different types of exercise programs aiming to reduce falls have been 
investigated, to date none have had a specific focus on improving turning ability, 
despite turning being a relatively common activity causing falls among older people 
(Thigpen et al., 2000).  Turning is an essential component of gait, and one study 
reported that 20% of steps during indoor daily activities involved turning (Sedgman et 
al., 1994), and another study evaluating turning in four outdoor activities found that 
between 8-50% of steps involved turning manoeuvres (Glaister et al., 2007).  These 
findings emphasize the importance of turning in daily ambulation.  Older people with 
balance impairment and history of falls have been shown to have difficulties during 
turning (Dite & Temple, 2002b; Justine et al., 2014).  In addition, a prospective study 
among 96 community dwelling healthy older women aged 70 years and above has 
reported that 11 percent of falls occurred during turning or bending (Hill et al., 1999).  
Compared to regular walking, falls during turning manoeuvres are eight times more 
likely to result in hip fracture (Cumming, 1998), and have also been found to be 
associated with greater risk of slip-related falls (Nagano et al., 2013).  For all of these 
reasons, there is a need for evaluation of exercise programs that incorporate a focus 
on improving performance of turning ability in older people.  The present thesis aims 
to address this important gap in the literature about the role of an exercise intervention 
on improving turning performance among community dwelling older adults. 
 
2.8  Summary of literature 
 
Falls are a common worldwide health problem among older populations, associated 
with serious consequences and costs for older people, their families, and the health 
system.  While much is known about risk factors for falls and effective interventions 
for falls, most of this research has been conducted in developed and Western 
countries.  However, the ageing of populations is growing substantially more quickly 
in a number of developing and non-Western countries, particularly a number of 
countries in Asia.  Emerging evidence suggests that while there are many common 




there also appear to be some differences that suggest a need for investigation of falls 
risk factors that will be relevant to developing countries, that need to be used as a 
basis for driving culturally appropriate falls prevention intervention studies in these 
countries. 
 
The focus of this thesis is to investigate falls prevention in a developing country in 
Asia – that being Malaysia.  In addition, direct translation of interventions from non-
Asian studies to Asian countries may warrant careful consideration.  In particular, 
there are implications for researchers, practitioners, policy and planning personnel, 
and research funders who may be involved in future falls prevention research in Asia. 
To date, there is very little data on falls risk factors among older people in Malaysia, 
and to date there is no published randomised controlled trials of effective falls 
prevention interventions overall, nor of individualised home based exercise for falls 
prevention interventions in the community setting in Malaysia.  The studies in this 
thesis will provide a starting point for understanding falls risk and one form of 








3.0  Introduction 
 
The purpose of this chapter is to describe in detail the overall methods used in the 
two studies included in this thesis.  This chapter is divided into two main sections that 
contain details of the methods applied in Study 1 (a cross-sectional study) and Study 
2 (a randomised controlled trial).  Each section contains details of methodological 
procedures including research setting, study population, participant criteria, 
recruitment, measures and measurement procedures applied in these studies.  The 
safety precautions and ethical considerations involved in both studies are also 
described.  
 
The protocol for Study 2, which is a randomised controlled trial, has been registered 
under the Australian New Zealand Clinical Trials Registry (ACTRN12613000855729) 
and has been published in BMC Geriatrics (Asmidawati et al., 2014- see Appendix 
1)see Appendix 1).  
 
Both studies were carried out among community dwelling Malaysians aged 50 years 
and above.  Approximately six percent of Malaysia’s population are were reside by 
older adults aged 60 years and above (Department of Statistics Malaysia, [DOSM], 
2013). 
 
Malaysia's population is projected to increase from 28.6 million (2010) to 41.5 million 
(2040). Nevertheless, the population increase is slow with the annual population 
growth rate decreasing from 1.8 percent (2010) to 0.8 percent (2040). The average 
population growth rate decreases by 0.05 percent per year. Among the main ethnic 
groups, Bumiputera showed the highest percentage increase of 4.8 percentage 
points, from 67.3 percent (2010) to 72.1 percent (2040) (DOSM, 2013).  The sex ratio 
in 2010 was 106 males for every 100 females and will increase to 108 in 2020 and 
shall remain unchanged until 2040. The sex ratio is 103 by citizen and will be 




outnumbered the males quite substantially where there is 103 females for every 100 
males in the age group of 60 years and over in 2010 and the ratio reached 115 
females to 100 males of the same age in 2040. Malaysian males born in 2015 can 
expect to live for 72.5 years while females born in the same year can expect to live to 
an average of 77.4 years. An older men aged 60 years or over in 2010 can look 
forward to another 18.4 years of life, while it is 20.9 years for older women (DOSM, 
2013).  
 
The age structure of the population can be categorised into three main groups, the 
younger age group (0-14 years), the working age group (15-64 years) and old age 
(65 years and over). Malaysia is expected to experience the population ageing in 
2020, when the percentage of the population aged 65 years and over reaches 7.2 s 
per cent.  The change in population age structure of Malaysia’s population is the result 
of fertility and mortality decline, as well as improvement in the life expectancies at 
birth as well as at age 60. The decline in fertility began in the late 60s and the early 
70s and dropped sharply in the 1990s (Hamid, 2015).  Projections by the Department 
of Statistics Malaysia showed that the oldest-old group is growing at a much faster 
pace than the other cohorts at 5% per annum compared to the 3.2% and 4.4% growth 
rates for the young-old and old-old sub-populations respectively.  Between 2010 and 
2040, the share of the young-old (60-74) group will almost double from 6.2% to 11.4% 
of the total population, but the proportion of the oldest old (85+) will triple from 0.4% 
to 1.1% (DOSM, 2013). 
 
These studies were conducted at Hulu Langat District in the state of Selangor, one of 
13 states in Malaysia.  Selangor is located in the west of Peninsular Malaysia and 
consists of nine districts.  The total Selangor population was 5,411,324 as reported 
by the 2010 census, which makes Selangor one of the states with the highest 
population (DOSM, 2013) .   
 
Hulu Langat is one of the largest district located in Selangor.  According to the 
Malaysia Population and Housing Census 2010, Hulu Langat's population has 
increased dramatically for the past two decades, from 177,900 in 1980 to 413,900 in 
1991 and 864,451 in 2000 and 1,141,880 in 2010 (DOSM, 2011).  More than half of 
Hulu Langat population were Malays (53%), followed by the Chinese (36%), Indians 
(10%) and others (1%).  It encompassed a combination of urban and rural with most 




STUDY 1: FALL PREVALENCE AND FALL RISK ASSESSMENT AMONG 
COMMUNITY DWELLING ADULTS AGED 50 YEARS AND ABOVE IN MALAYSIA: 
CROSS-SECTIONAL STUDY 
 
3.1 Aims of study 
 
The aims of this study were i) to identify the prevalence of falls in community dwelling 
older Malaysians, and associated risk factors and circumstances, ii) to identify falls 
risk factors associated with falls history in the preceding 12 months, iii) to determine 
age and gender differences on a comprehensive suite of balance, mobility and fall 
risk measures, and iv) to establish an abbreviated set of balance tests from a 
comprehensive suite in the studied population, using factor analysis. 
 
3.2 Study design 
 
This is a cross-sectional study using convenience sampling, with retrospective recall 
of falls in the past 12 months as the primary measure.  A descriptive quantitative study 
design was applied to quantify the prevalence of falls in the previous 12 months and 
to identify the risk factors for falls among the studied population.   
 
3.3  Study population  
 
The population for this study were community dwelling adults aged 50 years or above.  
The age of 50 years and above was applied in this study rather than 60 or 65 years 
old that is more commonly reported in studies relating to ageing because of a lower 
life expectancy in Malaysia compared to in Western countries.  Recent data shows 
the life expectancy for Malaysia was 72.5 and 77.2 years for males and females 
respectively (DOSM, 2011). 
 
3.3.1  Participants 
 
Participants for this study were recruited through the University of the Third Age (U3A) 
Malaysia, hosted at the Institute of Gerontology, Universiti Putra Malaysia.  University 
of the Third Age Malaysia (U3A Malaysia) is a program that provides lifelong 
education for adults aged 50 years and above.  It is driven on the philosophy of 




about 280 people registered as U3A Malaysia members.  Participant recruitment and 
the procedures of sample selection are detailed in Figure 3.1.  Recruitment processes 
were carried out through distribution of project fliers (Appendix 2) and posters among 
U3A’s members (Appendix 3).  Eligible participants were given a brief description of 
the study by the Ph.D investigator during U3A’s Open Day.  Participants who 
expressed interest and/or volunteered to participate in the project were invited to the 
Gerontology Laboratory of the Institute of Gerontology, where detailed information 
about the study was provided (Appendix 4) and written informed consent was 
obtained (Appendix 5).   
 
Participants were eligible for inclusion in the study if they satisfied all the following 
criteria:  
 
i) aged 50 years and above 
ii) community dwelling 
iii) community ambulant (i.e. able to walk outdoors independently or with no more 
than a single point stick for support) 
iv) cognitively intact [had score ≥5 on the 10 item Elderly Cognitive Assesment 
Questionnaire (ECAQ), (Kua & Ko, 1992) 
v) had no major neurological problem (e.g stroke with unilateral or bilateral 
paresis, multiple sclerosis) or serious orthopaedic condition that would limit 
functional mobility 
 
Exclusion criteria were aged below 50 years, institutionalised, not able to walk 
independently, had ECAQ score less than 5 and / or had a major neurological problem 
that limited their functional mobility.  
 
This study involved laboratory measurement of balance using the Neurocom™ 
Balance Master, which was located at the Gerontology Laboratory, Institute of 
Gerontology, Universiti Putra Malaysia.  Therefore, only those who were willing and 
able to attend the laboratory assessment were recruited. 
 
3.3.2 Sample size 
 
The sample size for this study was derived based on an Australian study (Nolan et 











available using these measures in Malaysian samples.  This study investigated age 
related changes on a number of clinical measures of balance and identified significant 
differences on balance measures such as the Functional Reach test between the 
three age groups of interest in the current study (50-59, 60-69, and 70+) for a single 
gender (male), using a sample size of 20-22 / age group. 
 
Therefore, for the current study we aimed to recruit a minimum of 22 participants in 
each age group and gender (minimum of 132 participants overall).  For the factor 
analysis 12 measures were planned to be included, therefore a minimum of 120 
participants (at least ten participants for each variable) was included to ensure 
sufficient sample size for these analyses (Munro, 2004).  Similarly, this sample size 
was adequate for the planned logistic regression analyses to determine risk factors 
associated with falls status (10 participants per variable) (Munro, 2004). 
 
3.4 Measures and measurement procedures 
 
All assessments were carried out at the Gerontology Laboratory, at the Institute of 
Gerontology, Universiti Putra Malaysia.  Participants were assessed based on a 
structured evaluation comprised of four main sections: i) socio-demographic 
information, ii) physical and medical conditions, iii) history of falls and falls risk 
assessment, and, iv) clinical and laboratory assessment of balance and mobility 
performance.  The details and procedures of each measure are detailed in the section 
below.  The list of measures used for this study, and the subsequent randomised 
controlled trial (Study 2) (as many of the measures used were similar) are 
summarised in Table 3.1.  Measures and assessment of balance and mobility applied 
in this study have been adapted from previous similar studies by Bock and Beurskens 
(2010) and Yang et al. (2012). 
 
A structured self-administered and pre-coded questionnaire consisting of items 
relating to the prevalence and risk factors for falls among community dwelling older 
persons was used in this study (Appendix 6).  Participants were required to tick an 
appropriate answer.  Questionnaires were translated into the Malay language by a 
professional qualified translator, as the Malay language was the most commonly used 
language among Malaysians.  Dual language (Malay and English) has been used for 
the questionnaires of this study for the non-English speaking participants.  Back to 




Table 3.1: Summary of the screening and assessment measures used in Study 1 (Cross- 
sectional) and Study 2 (Randomised Controlled Trial). 
Type of Study Study 1 Study 2 
Assessment  One-time 
assessment 
Baseline 16 weeks follow-
up 
- Socio-demographic information     
- Health conditions and medication use    







phone call follow 
up (preceding 3 
weeks recorded in 
falls diary) and at 
16 weeks 
Assessment – questionnaires  
- Falls efficacy – Fall Efficacy Scale 
International (FES-I) 7 items  
   
- Depression – Geriatric Depression 
Scale (GDS) 15 items  
   
- Visual contrast sensitivity- Melbourne 
Edge Test (MET) 
   
- Activity level -Human Activity Profile- 
94 items (HAP) 
   
- Falls risk assessment -  
Fall Risk for Older People in the 
Community (FROP-Com) tool  
   
- Exercise adherence  







Clinical measures of balance and 
mobility 
 
- Timed Up and Go (TUG)    
- Timed Up and Go (TUG) dual task    
- Step Test (ST)    
- Functional Reach (FR)    
- Five Times Sit to Stand (FTSTS)    
Laboratory measures of balance using 
Neurocom™ Balance Master long force 
platform 
 
- Modified Clinical Test of Sensory 
Interaction of Balance (mCTSIB) 
   
- Limits of Stability (LOS)    
- Sit to stand test (STS)    
- Walk across (WA)    





individual questions would be retained correctly as in the English version.  The 
questionnaire components of the assessment were interspersed between the 
physical performance tests.  Participants were allowed to have a rest between the 
tests if required.  The time taken to complete the questionnaires and clinical and 
laboratory assessments was approximately 90 to 120 minutes. 
 
Due to the mixed cultural background of participants, verbal instructions were given 
either in Malay or English, depending on the participant’s preferred language.  
However, to maintain consistency in the assessment, a bilingual assessment manual 
was developed.  The translation of the assessment manual was undertaken by a 
qualified translator and was then verified by the researcher.  The assessor (PhD 
candidate) was trained on the assessment procedures by her primary supervisor (an 
experienced physiotherapy clinician and researcher), based on procedures in the 
assessment manual developed prior to the study. The Assessor has been assisted 
by one research assistant who is trained in physiotherapy.  
 
The details of the assessment procedures and instrumentation applied in this study 
are detailed below: 
 
3.4.1 Measures of cognitive impairment  
 
The Elderly Cognitive Assessment Questionnaire (ECAQ) (Kua & Ko, 1992) is an 
instrument for screening cognitive status in older people that is widely used in 
research in developing countries.  This tool is derived from items in the Mini Mental 
State Examination (MMSE) and Geriatric Mental State Schedule (Kua & Ko, 1992).  
It has been used as a screening tool for early diagnosis of dementia.  The ECAQ 
questionnaire consists of 10 items that are divided into sub-scales, namely: memory, 
orientation and information, and memory recall.  The ECAQ was reported to have 
85.3% sensitivity, 91.5% specificity, positive predictive value 82.8% and overall 
miscalculation rate 10.5% related to Kahn’s Mental Status Examination for outpatient 
psychiatric older adults (Kua & Ko, 1992) and internal reliability Cronbach’s Alpha 
was 0.73 (Kua & Ko, 1992).  Furthermore, the ECAQ has become a recommended 
scale to quantify cognitive impairment objectively, less time consuming (3 to 5 
minutes to administer) and is considered as an appropriate tool for cognitive 




participants were excluded from the study if their ECAQ score was less than 5, as 
recommended by Kua and Ko (1992), indicating cognitive impairment. 
 
3.4.2 Measures of balance and mobility performance 
 
In both studies for this thesis, balance was defined as the individual’s ability to control 
the body’s centre of mass (COM) during static or dynamic conditions with respect of 
the base of support (BOS) (Hudson, 1996).  Mobility is defined as the individual’s 
ability to move independently and safely from one place to another place (Rose & 
Hernandez, 2010; Shumway-Cook et al., 2000).  In the present thesis, two broad 
forms of measurements were conducted to assess balance and mobility performance: 
i) clinical measures, and ii) assessment measures using the computerised 
Neurocom™ Balance Master long force platform (Bock & Beurskens, 2010; Suttanon 
et al., 2012; Yang et al., 2012). 
 
3.4.2.1 Clinical measures of balance and mobility performance 
 
Clinical measures of balance and mobility which were used in this study were selected 
to provide simple and quick assessment of balance performance, that incorporated 
key domains of balance, and that are routinely used in clinical practice and research.  
The selected clinical measures were: i) Timed Up and Go Test (TUG) (Podsiadlo & 
Richardson, 1991), ii) TUG with dual task (Shumway-Cook et al., 2000), iii) the 
Functional Reach Test (FRT) (Duncan et al., 1990), iv) the Step Test (ST) (Hill et al., 
1996), and v) Five Times Sit To Stand Test (FTSTS) (Whitney et al., 2005).  These 
are described in detail below:  
 
i) Timed Up and Go (TUG) test  
 
In the present study, the TUG was carried out by using a chair with armrests (seat 
height approximately 45cm with armrest height 63cm) and a stop watch.  As a 
precautionary step, the chair was positioned near the wall to ensure it did not move 
when the participant moved from sit to stand at the beginning of the test and from 
stand to sit at the end of the test.  The participant was asked to sit comfortably on the 
chair with hands positioned on the armrest, back leaning on the back of the chair and 
feet flat on the floor.  The participant was allowed to use the armrest to push up when 




test.  A straight line marker was taped on the floor three meters from the chair to make 
the participant identify the distance easily.  Then, the participant was asked to stand 
up, walk three meters to the line at their usual speed, and return to a seated position 
in the chair (Hill et al., 2009).  Participants were allowed to use their usual walking aid 
that they normally used during indoors ambulation for the test.  The participant was 
timed starting from when the assessor said “go”, and timing stopped when the 
participant was completely seated on their chair and the back leaned on the back of 
the chair.  Participants were allowed to have one practice trial of the TUG before they 
performed the actual timed test.  The test was repeated two times and the average 
score was used in the analyses. 
 
The TUG was carried out based on the test reported by Podsiadlo and Richardson 
(1991).  The TUG is a common clinical test, simple, and valid method for assessing 
mobility.  The time taken to complete the test is strongly correlated with the level of 
functional mobility where the faster time indicates better mobility performance.  
Shumway-Cook et al. (2000) proposed the cut-off level for TUG of 13.5 seconds or 
longer, and achieved an overall correct prediction rate of 90% for classifying fallers; 
for TUG manual (performing the TUG while carrying a glass of water) the cut off of 
14.5 seconds or longer was associated with a 90% correct prediction rate for 
classification of faller status, and for TUG cognitive (performing the TUG while 
counting backwards) the cut-off of 15.0 seconds or longer was associated with 87% 
accurate classification of being a faller, in a sample of community dwelling older 
people.  
 
A meta-analysis from 21 studies among healthy elders aged 60 years and above 
conducted by Bohannon (2006) reported that the mean Timed Up and Go for three 
age groups were 8.1 (7.1-9.0) seconds for 60 to 69 year olds, 9.2 (8.2-10.2) seconds 
for 70 to 79 years, and 11.3 (10.0-12.7) seconds for 80 to 99 years (Bohannon, 2006). 
 
In another meta-analysis of 12 studies that investigated the mean TUG among 
healthy Japanese people aged 60 years or over, using two different TUG assessment 
protocols (usual pace, and maximum effort or speed) reported that the mean time for 
TUG with maximum effort was 6.60 seconds (95% CI = 6.18–7.02 s), and at usual 





ii) Timed Up and Go test with dual task 
 
The Timed Up and Go test with dual task (Shumway-Cook et al., 2000) was also 
carried out to assess The Timed Up and Go (TUG) test under dual task conditions 
with a secondary motor task.  The time taken to complete the dual task TUG has been 
shown to be strongly correlated to level of mobility and activities of daily living 
(Shumway-Cook et al., 2000).  The dual task used for the current study was for the 
participant to carry a 6 cm height melamine cup, filled with plain water up to marked 
level (1cm from the cup edge) of the cup height in one hand (Figure 3.2).  Participants 
were asked to hold the cup starting from a seated position, stand up, walk 3 meters, 
and return to sit in the chair.  The instruction given was “For this test, you will perform 
similar movements as you did in the Timed Up and Go test, but this time I want you 
hold this cup in one hand while you are walking.  Please ensure that you will not spill 
the water from the cup while you are walking.  You can use whichever hand is most 










Reliability of the Timed Up and Go test single and dual task 
 
The Timed Up and Go test was shown to have excellent intra session retest reliability 
in two trials in community dwelling older people (ICC > 0.98) (Shumway-Cook et al., 
2000; Steffen et al., 2002).  Another study by Wang et al. (2009), examined retest 
reliability of the Timed Up and Go test among 77 community dwelling older adults in 
Taiwan on two occasions (one week apart) and found that inter session reliability was 
excellent (ICC= 0.90).  In a sample of 30 community dwelling older people, the Timed 
Up and Go test with dual task (carrying full cup of water) was found to have 80% 
sensitivity and 90% specificity to identify fall status (Shumway-Cook et al., 2000). 
 
iii) Functional Reach test 
 
The Functional Reach test proposed by Duncan et al. (1990) is a dynamic test of 
standing balance in which the performance of reaching ability in bilateral stance is 
assessed during self-generated perturbation.  The Functional Reach (FR) is defined 
as the maximal distance one can reach forward beyond arm's length while 
maintaining a fixed base of support in the standing position (Duncan et al., 1990).  
The concept of this test is similar to that behind the Limits of Stability test on a force 
platform. However, the Functional Reach test only measures stability in the forwards 
reach direction.  
 
For the present study, participants were asked to stand alongside a wall with a tape 
measure mounted at shoulder height (Figure 3.3).  The participant’s feet were 10 cm 
apart and the dominant arm raised to 90 degrees shoulder flexion with the hand in a 
fist position (Hill et al., 2009).  The initial distance of reach was recorded.  Then, the 
participant was asked to lean forward as far as they could without overbalancing or 
taking a step and /or requiring support to maintain balance.  Participants were allowed 
to have one practice trial prior to testing, after which the average of two trials was 
recorded in centimetres (cm).  Greater reach distance indicated better balance ability.   
 
Reliability of the Functional Reach test 
 
The Functional Reach Test (FRT) has been used to assess balance performance 
among various populations and settings such as community dwelling older adults, 




conditions and institutionalised older people.  Langley and Mackintosh (2007) in their 
review on functional balance assessment of community dwelling older people 




Figure 3.3.  The measuring tape position for the Functional Reach Test 
 
Another recent study reported the intra and inter-rater reliability, and the test retest 
reliability of the FRT in the subjects with and without hemiparesis while verifying 
anthropometric influences on the measurements (groups were age and gender 
matched) (Martins et al., 2012).  The authors found that the intra-rater analysis did 
not show significant differences between the measures for the single, double or triple 
trials and there were no significant associations with anthropometric parameters for 
the hemiparesis and control subjects.  The FRT showed excellent reliability for 





iv) Step Test (ST) 
 
The Step Test (ST) was developed to evaluate the speed of performing a dynamic 
single limb stance (stepping) task (self-generated perturbation) (Hill et al., 1996).  The 
speed of the task was calculated based on the number of times the participant can 
step one foot fully on then off the 7.5cm block step positioned in front of them, in 15 
seconds (Figure 3.4).  Each foot was tested stepping separately.  At the start of the 
test, the participant stood unsupported in front of the step, closely supervised by the 
assessor.  Participants were not allowed to use any walking aid or support while 
performing the test.  If the participant required assistance to maintain balance, the 
test was stopped and the number of completed steps was recorded.  To ensure 
safety, the block was placed against a wall to prevent it from moving during the test, 
and the test was performed near a bench top to the side to provide additional safety 
if the participant was at risk of overbalancing during the test. 
 
 
Figure 3.4.  Foot position during the Step Test.  
 
Reliability and validity of the Step test 
 
The Step Test (ST) measures dynamic standing balance as the result of a self-
generated perturbation.  The Step Test was found to have good retest reliability over 




people with stroke (ICC.93) (Hill et al., 1996).  It was reported to be adequately 
sensitive to discriminate between fallers and non fallers in community dwelling older 
people (Dite & Temple, 2002b).  In addition, the Step Test has been shown to have a 
standardized response mean of 0.92 to 0.95, which shows that it is sensitive enough 
to detect changes during the subacute phase of stroke rehabilitation (Bernhardt et al., 
1998).  A Step Test score of less than seven has also been shown to be an 
independent predictor of recurrent falls after stroke rehabilitation (Mackintosh et al., 
2006). 
 
Hong and colleagues (2012) reported that the Step Test is a reliable measurement 
tool when the number of steps is counted by either experienced or inexperienced 
examiners by viewing videotapes.  Step Test scores with both the paretic limb and 
the non-paretic limb are sensitive in distinguishing subjects with chronic stroke from 
healthy adults older than 50 years (Hong et al., 2012). 
 
v) Five Times Sit to Stand Test (FTSTS)  
 
Ability to rise from a chair or bed independently is a crucial fundamental movement 
for normal activities of older people (Bohannon, 2011).  Thus, the FTSST can be used 
to predict independent living in which a longer time required to complete the test 
indicates the likelihood of disability.  The testing procedure involves participants sitting 
on a standard armless chair (with a seat height of 43 cm) with their arms at their sides, 
back upright and feet flat on the floor (Bohannon et al., 2007).  The participant was 
then instructed to stand up with the hips and knees in full extension, and sit down five 
times as quickly and safely as they could without using their arms (Whitney et al., 
2005).  The time from the command ‘Go’ until the participant’s back touched the 
backrest of the chair on the fifth repetition was recorded.  The average findings of two 
trials were used for data analyses.  The mean time for normal performance of the 
FTSST in community dwelling older adults has been reported as 11.4 seconds for 
age 60-69 years, 12.6 seconds for age 70-79 years and 12.7 seconds for age 80-89 
years (Bohannon et al., 2010). 
 
Reliability of the Five Times Sit to Stand test (FTSTS)  
The Five Times Sit to Stand test (FTSTS) test was found to have high retest reliability 
in 365 community dwellers, with an excellent intra-class correlation coefficient of ICC 




3.4.2.2 Laboratory measurement of balance using the Neurocom™ Balance 
Master  
 
Force platform balance performance tests were undertaken on a computerised force 
platform (Neurocom™ Balance Master with long force platform: supplier details: 
Neurocom™ International Incorporated, 9570 SE Lawnfield Rd, Clackamas, OR 
97015), (Figure 3.5).  The Neurocom™ Balance Master long force platform uses a 
fixed long force platform (dimensions 152 x 46 cm) that rests on force transducers 
which measure the vertical forces exerted through the participant’s feet.  It is a 
computerised measurement device that provides quantitative information and 
feedback about stability and weight transference.  This information is used in 
assessing and training static and dynamic balance performance in standing and in 
other common functions of daily living such as walking, and during sit to stand 
(Neurocom™ Balance Master Operator V3: Copyright©2007).   
 
 





All the long force platform measures were performed with shoes removed.  In the first 
two tests (modified Clinical Test of Sensory Interaction on Balance and the Limits of 
Stability test), the participant stood two metres from the computer screen (Figure 3.6).  
For safety reasons, during the standing tests (modified Clinical Test of Sensory 
Interaction on Balance and the Limits of Stability test), each participant wore a safety 
jacket with a harness connected by two suspension straps to the overhead bar.  The 
harness straps were tight enough to prevent the participant falling, but still loose 
enough to prevent the participant from gaining support and restricting the participant’s 
movement during the tests.  Ensuring correct harness strap tension was especially 
relevant to the Limits of Stability (LOS) test, a dynamic balance test in which maximum 
test response requires freedom to move.  The other three tests (Walk Across, Step 
Quick Turn, and Sit to Stand) were performed without the overhead harness 
connection, as they were balance tests assessed while performing mobility tasks.  
However, participants were closely supervised by the assessor during these tests to 
ensure safety. 
 





The participant’s feet were positioned according to the instructions from the 
Neurocom™ Balance Master long force platform Operator’s manual (version 8.1) 
(Neurocom™ Balance Master Operator V3: Copyright© 2007), in which one of three 
standardised positions relating to the participant’s height were used (S: short, for 
participant’s height 76-140 cm; M: medium, for 141-165 cm; T: tall, for 166-203 cm) 
as shown in Figure 3.7. 
 
 
Figure 3.7.   Standardised Feet Position on Neurocom™ Balance Master Long 
Force Platform (NeuroCom, 2008, p. 9). 
 
Five measurements on the Neurocom™ Balance Master with long force platform were 
included in the studies in this thesis.  They were the: (i) Modified Clinical Test of 
Sensory Interaction on Balance, (ii) Limits of Stability test, (iii) Walk Across, (iv) Sit to 




i) Modified Clinical Test of Sensory Integration on Balance (mCTSIB) 
 
The Modified Clinical Test of Sensory Integration on Balance (mCTSIB) is a static 
balance test used to measure the amount of sway under four sensory conditions – 
eyes open and eyes closed on firm surface, and eyes open and eyes closed on foam 
surface as illustrated below (Figure 3.8).  It was modified from the original clinical test 
of sensory integration developed by Shumway-Cook and Horak (1986).  Buatois et 
al. (2008) measured the mCTSIB among community dwelling older adults, and 
reported that the amount of sway during the standing position with eyes closed 
condition was found to discriminate multiple fallers from single fallers (p = 0.017). 
 
For this study, participants were asked to stand still with standard position of the feet 
on the force plate for 10 seconds for each trial.  The feet were placed according to 
the instructions on the computer screen, based on the participant’s height (see 
Section 3.4.2.2).  This test was repeated three times under each test condition.  
During the test, participants stood bare foot.  The participant was also asked to look 
straight ahead while standing as still as possible (to standardise visual cues in the 
eyes open conditions).   
 
 
Figure 3.8.  Four sensory conditions – eyes open and eyes closed on firm 





The instructions for each condition were:  
 
- Condition 1 (eyes open on firm surface) the participant was instructed “This 
test will test how steady you are, so during the test, please look straight 
ahead and stand as still as possible until I tell you to stop.  We will start when 
I say start”. 
 
- Condition 2 (eyes closed on firm surface), the instruction was “This time, I 
would like you stand as still as you did before but with your eyes closed.  
First, stand as still as possible, and when you are ready, close your eyes” 
(the test was started when the participant’s eyes were closed). 
 
- Condition 3 (eyes open on foam), the participant was instructed “Try to stand 
on this foam as still as possible.  “This test will test how steady you are, so 
during the test, please look straight ahead and stand as still as possible until 
I tell you to stop.  We will start when I say start”. 
 
- Condition 4 (eyes closed on foam), the participant was instructed “This time, 
I would like you to stand on the foam as you did before, but with your eyes 
closed.  It is another short test.  Try to balance yourself on this foam, and 
when you are ready, close your eyes.  Stand still and keep your eyes closed 
until I tell you to stop” (the test was started when the participant’s eyes were 
closed). 
 
The amount of postural sway (i.e. the COG movement measured in degrees) during 
the trial time (10 seconds) was assessed and quantified as the COG sway velocity 
score (degrees/second).  Smaller scores reflected less movement of the COG, and 
therefore, less postural instability or indicated having better balance.  The participant 
was allowed to practice before each test.  If the participant could not maintain their 
standing balance during testing, that trial was marked as a “Fall” and the mean Centre 
of Gravity (COG) sway velocity of 6 degrees/second was automatically given for the 
trial by the computer program.  
 
In the study of fall risk assessment (Study 1) and secondary outcomes measures in 




velocity score was derived from the average of the COG sway velocity scores over 





Figure 3.9. Comprehensive Report of mCTSIB on Neurocom™ Balance Master 




ii)  The Limits of Stability test (LOS) 
 
The Limits of Stability (LOS) test was used to quantify the maximum distance a 
participant was able to intentionally displace their Centre of Gravity (COG) by shifting 
weight to eight targets positioned at each 45 degrees from straight ahead (in an 
ellipse shape), the perimeter of which related to 100% of the participant’s theoretic 
LOS (based upon their height).  The tasks were to be performed without losing 
balance, stepping or reaching for assistance (NeuroCom, 2008).  This provides 
information about movement of the Centre of Gravity (COG) and postural control of a 
person in standing.  The LOS reflects dynamic standing balance during a self-
generated perturbation situation.  Normal LOS is associated with normal range of 
motion, strength and proprioception of the lower extremities.  There are eight 
directional (1 to 8 clockwise) targets which need to be reached by the participant, 
which are i) Forward (F), Forward to the right (FR), Right (R), Right Backward (RB), 
Backward (B), Left Backward (LB), Left (L) and Forward Left (FL).  The maximum 




Figure 3.10.  Centred box with the cursor and eight target boxes position on the  





The participant stood with a standardized foot position (Figure 3.7) as recommended 
by the manufacturer of the equipment.  A reference grid superimposed on the force 
plate ensured accurate placement of the feet on each testing occasion.  Foot position 
was carefully monitored during each test and the feet were repositioned following a 
loss of balance or any other slight foot shift during leaning.  The participant was 
required to lean away from the central target in the direction of each of the eight on-
screen targets one at a time, without stepping or moving their feet from the 
standardized foot position, with their arms by the side of the body.  Prior to testing, 
the participant was asked to view the cursor on the screen reflecting the position of 
their centre of pressure, and to move their weight (and therefore the cursor) in 
different directions. 
 
The assessor explained and guided the movement during practice by saying “The 
purpose of this test is to screen how well you can control your movement and how 
quickly you can respond to do this.  “Now you will see the little man (cursor) on the 
screen.  This little man is representing your body position.  As you move, it will move.  
So you will control its movement.  When I say go, you need to lean as quickly and as 
far as you can so that the little man (cursor) moves towards the targeted box and 
continue leaning (hold steady) until I tell you to stop”.  Participants were asked to use 
an ankle strategy (demonstrated) to move toward each target.  Practice was allowed 
prior to the beginning of the actual test for each direction. 
 
The following parameters from the comprehensive report of Limits of Stability (as 
shown in Figure 3.11), representing characteristics of the COG movement towards 
each target were reported in this thesis: 
 
Reaction Time (RT)  
 
Reaction time is the time in seconds between the command to move and the 
participant’s initial movement.  Reaction time (RT) is considered to be an index of 
central nervous system functioning.  It has also been reported to increase with age 






Movement Velocity (MVL) 
 
Movement Velocity (MVL) is the average speed of the COG movement during the test 
duration, as the participant moved their centre of pressure towards the target.  It is 
expressed in degrees /second. 
 
 
Figure 3.11.  Comprehensive Report of mCTSIB on Neurocom™ Balance Master 
Long Force Platform. 
 
Endpoint Excursion (EPE) 
 
Endpoint Excursion (EPE) is the distance of the first movement towards the 
designated target, expressed as a percentage of maximum LOS distance.  The 





Maximum Endpoint Excursion (MXE)  
 
Maximum Endpoint Excursion (MXE) is the maximum distance of the COG movement 
achieved within the trial time (8 seconds).  It is expressed as a percentage of 
maximum limits of stability distance and can be further than the End Point Excursion 
(EPE) value. 
 
Directional Control (DC)  
 
Directional Control (DC) is a score derived from the comparison of the amount of 
movement in the intended direction (toward the designated target) to the amount of 
extraneous movement (away from the target).  It is expressed as a percentage. 
 
For the studies in this thesis, a composite score from integrating data from each of 
the eight target directions was assessed for each of the parameters described above, 
and was used in analyses. 
 
iii) Walk Across (WA) 
 
The Walk Across assessment is used to quantify several characteristics of gait as the 
participant walks at a steady state across the force plate.  The participant was asked 
to walk at their comfortable speed across the platform, starting before the start of the 
force plate (wooden area) and continuing beyond the end of the force plate, which 
was approximately 120 cm from the end of the force platform.  The test was repeated 




The step width is the average lateral distance between the left and the right foot on 




The Step Length is the average longitudinal distance between successive heel strikes 







Walking speed is the average velocity of forward progression expressed in 
centimetres per second (cm/sec).  In this thesis, the average score from three trials 
of each measure from the Walk Across test was calculated and used in the data 
analyses. 
 
iv) The Sit to Stand test (STS)  
 
The Sit to Stand (STS) test was used to quantify several movement characteristics 
as the participant stood up from a seated position on the Neurocom™ Balance Master 
long force platform.  A major component of this test included shifting the body’s COG 
forward from an initial position over the seat to a location centred over the base of 
support feet, followed by extension of the body to an erect standing position while 
maintaining the COG position.  The participant was asked to sit on a 40 cm high box 









Both feet of the participant were positioned equidistant from a central line.  The 
participant was instructed to hold steady and then stand up as quickly as they can 
without using their arms upon the verbal cue – “GO”, and to stand still at the end of 
the standing up manoeuvre.  To ensure the participant understood the task, they were 
allowed to have some practice trials before the actual test.  The test was repeated for 
three times, and the average score taken from the three trials as reported in the 
comprehensive report (Figure 3.13) for each measures (as described below) were 




Figure 3.13.  Comprehensive Report of the Sit to Stand Test (STS) on the 






Center of Gravity (COG) Sway Velocity 
 
The Sway Velocity is the amount of COG sway during sit to stand and for the first 5 
seconds after full standing is achieved.  Sway velocity is expressed in degrees per 




The Rising Index is the amount of force exerted by the participant’s legs as they stood 
up from the block.  The force is expressed as a percentage of the participant’s body 
weight.  Higher rising Index scores indicate better performance 
 
v) The Step Quick Turn (SQT) test 
 
The Step Quick Turn (SQT) test was used to quantify two movement characteristics 
as the participant stepped then quickly turned 180 degrees to either the right or the 
left direction.  This test is quite challenging because balance and stepping must be 
tightly coordinated and head rotation during the turn produces changing visual and 
vestibular inputs.  To turn around, the participant must anticipate the action, 
decelerate the forward progression of the COG, alter the stepping pattern, then, re-
initiate gait in the opposite direction (Akram et al., 2010; Justine et al., 2014; Orendurff 
et al., 2006; Segal et al., 2008a).   
 
A change in step pattern is also required.  During this test, the participant was asked 
to take one step forward starting with the left leg, followed with the right leg, then to 
turn quickly to the left and walk back to the starting position, and to stand steady at 
this position.  Participants were asked to do three trials of this manoeuvre.  After that, 
participants were required to perform three trials of this manoeuvre, starting with the 




Turn sway quantifies the postural stability of the individual during the turn component 
of the SQT test.  Turn sway is expressed as the average COG sway velocity in 
degrees per second.  The measurement of 180 degree turn sway begins when the 




the COG starts forward progression in the opposite direction, after completion of the 
180° turn.  Lower turn sway score indicates better turning performance. 
 
 





Figure 3.15: Comprehensive report of Step Quick Turn test (SQT) on the 




Turn Time quantifies the duration in seconds required for the individual to execute the 
180 degree in place turn.  Turn time begins when forward progression is arrested and 
ends when forward progression in the opposite direction is initiated.  Lower turn time 
scores indicate better performance. 
 
The average score for the turn measures (sway and time) for each direction were 
derived as reported in the comprehensive report (Figure 3.15).  In this thesis, the 
worse score for turn sway and turn time from both turn directions was used in the data 
analyses (i.e.: the worst score for turning to the right and for turning to the left).  This 
outcome measure (worst score for the two directions) has been used previously in 






Reliability and validity of the Neurocom™ Balance Master  
 
The Neurocom™ Balance Master has been found to be an assessment system that 
is able to accurately measure postural balance and provide the physiological 
conditions of gait impairment and the risk of falling for most of the assessment items.  
The Neurocom™ Balance Master demonstrated high test-retest reliability in 
assessing dynamic postural stability in healthy participants (Pickerill & Harter, 2011).  
Previous studies conducted in various populations have investigated the retest 
reliability of tests performed on the Balance Master.  These included tests with 
community dwelling older people (Clark & Rose, 2001), stroke patients (Liston & 
Brouwer, 1996), people with Alzheimer’s disease (Suttanon et al., 2012) and 
traumatic brain injury populations (Newstead et al., 2005). 
 
The five measurements of balance in this thesis performed using the Neurocom™ 
Balance Master were classified into two main components of balance, which are static 
balance and dynamic balance.  The reliability established from previous studies is 
described accordingly for each component below. 
 
Static balance test 
 
The static balance test performed on Neurocom™ Balance Master long force platform 
involving standing conditions with altered sensory information (mCTSIB) has been 
investigated for retest reliability.  Newstead et al. (2005) assessed the reliability for 
three standing conditions, namely standing with eyes open (EO), standing with eyes 
closed (EC), and standing with visual feedback (VF) on two occasions with a one 
week interval among five young adults with traumatic brain injury.  This study found 
that reliability was moderate to high for the three conditions (standing with EC, ICC = 
0.63, standing with EO, ICC = 0.84 and standing with VF, ICC = 0.95).  In contrast, 
low to moderate retest reliability for similar standing conditions with a one week 
interval was reported among 20 ambulatory older people with hemiparesis post stroke 
(Liston & Brouwer, 1996).  
 
In another study, Suttanon et al. (2011) examined the retest reliability of static balance 
under four conditions (eyes open and eyes closed on firm surface, and eyes open 




showed that retest reliability for the mCTSIB Neurocom™ Balance Master was 
excellent (ICC < 0.91) after a one week interval. 
Dynamic balance tests 
 
In addition, the Neurocom™ Balance Master was reported to provide high test retest 
reliability in assessing dynamic postural stability in healthy participants (Pickerill & 
Harter, 2011).  This study among 23 healthy participants showed that the test-retest 
reliability of five LOS measures ranged from moderate to high (intra class correlation 
coefficient ([2,k] = 0.82 to 0.48) (Pickerill & Harter, 2011). 
 
Naylor and Romani (2006) reported that the Step Quick Turn Test had good intra-
rater reliability (ICC ≥0.70) and good inter-rater reliability (ICC ≥0.72) on three 
separate testing sessions with five to eight day intervals, in a group of 15 young 
healthy females (mean age 24.2 years) (Naylor & Romani, 2006).  In another study, 
the Step Quick Turn test was found to be associated (r= 0.68) with the regression 
equation that combined age, lower extremity muscle strength and bone mineral 
content in predicting balance and postural instability in women aged 55 to 64 years 
of age (Weirich et al., 2010). 
 
3.4.3 Measures of psychological aspects associated with falls 
 
Two measures of the psychological aspects associated with falls in older people 
(depression and fall efficacy) were used in this thesis [the Geriatric Depression Scale 




Geriatric Depression Scale (GDS-15) 
 
The level of depression was screened using the adapted tool – the Short Form 
Geriatric Depression Scale (GDS-15) consisting of 15 questions (Figure 3.16) 
(Yesavage & Sheikh, 1986).  The test took approximately five to seven minutes to 
complete.  In scoring of the 15 items, 10 items indicated the presence of depressive 
symptoms when answered positively, while the rest (question numbers 1, 5, 7, 11, 
13) indicated “depressive” symptoms when answered negatively.  Scores were 




(score ranged from 5 to 8); moderate depression (score ranged from 9 to 11); and 
severe depression (score ranged from 12 to 15) (Greenberg, 2012).  
The GDS 15 has been shown to be a reliable and valid screening tool for measuring 
major depression across different age, ethnicity, gender and medical conditions.  
Nyunt et al. (2009) have assessed the criterion validity and reliability of the GDS-15 
on a large validation sample of 4253 community dwelling older Asian across different 
age groups, ethnicity and comorbidities.  A structured interview using the DSM-IV-TR 
Disorders was carried out by a medical researcher trained in psychiatric assessment, 
who was blinded to the results of the GDS screening.  The study showed that the 
overall Cronbach’s alpha was 0.80 and intra-class coefficient of the test-retest 
reliability over two weeks interval was good (ICC= 0.83).  GDS-15 showed a high 
sensitivity (0.97) and specificity (0.95) for different age groups, gender, ethnicity and 
different comorbidities in community dwelling older people at the cut off 4/5 (Nyunt et 
al., 2009).  In the present study, participants were asked to indicate “yes” or “no” for 
each item and the sum of the items score was calculated and was used in the 
analyses. 
 
3.4.3.2 Falls efficacy 
 
Short Fall Efficacy Scale-International (FES-I) 
 
The Short FES-I fear of falling scale which comprised seven items is a questionnaire 
evaluating self-report of falls efficacy (Figure 3.17) (Kempen et al., 2008), also 
commonly called “fear of falling”. 
 
This tool assessed the level of concern in performing activities of daily living without 
falling.  The participant was asked to rate their concern in performing each of the 
seven activities.  The level of concern was measured on a four point Likert Scale for 
each item, from 1 indicating ‘not at all’ to 4 indicating ‘very concerned” (Kempen et 
al., 2008).  The total score of the FES-I was calculated by summing the score for each 
item together, with a range from 7 (no concern about falling) to 28 (severe concern 
about falling).  Low scores on the FES-I reflect greater balance confidence and scores 
> 10 in the shortened seven item FES-I indicate high concern about falling (Delbaere 


















In a study among older people aged 70 years and above the short version FES-I was 
shown to have excellent test-retest reliability (ICC =0.83) and was comparable to the 
full FES-I (Kempen et al., 2008).  In addition, the FES-I has been shown to have 
acceptable reliability and construct validity across different samples in various 
countries.  Furthermore, the shortened seven item-FES-I has been recommended as 
a measurement tool for falls efficacy that can be utilised in different samples in various 
countries (Delbaere et al., 2010).  
 
3.4.4 Measures of falls and falls risk 
 
3.4.4.1 History of falls 
 
In the present study, a fall was defined as “an unexpected event which results in a 
person coming to rest advertently on the ground or other lower level, other than as a 
consequence of sustaining a violent blow, loss of consciousness or sudden onset of 
paralysis as a stroke or epileptic seizure” (Gibson et al., 1987, p. 4).  The number of 
falls that a participant had experienced in the 12 months preceding their first 
assessment was retrospectively reported by participants.  Falls measures included in 
Study 1 were: i) number of falls, ii) location of falls, iii) cause of fall, iv) type and 
severity of injuries, and v) time of fall. 
 
3.4.4.2 Risk of falls 
 
The Falls Risk for Older People in the Community (FROP-Com) tool (Russell et al., 
2008) is a detailed assessment of 13 falls risk factors (Figure 3.18).  Each domain of 
the assessment describes evidence based falls risk factors among community 
dwelling older adults, and each domain is scored to reflect graded risk [most items 
are scored as nil (0), mild (1), moderate (2), or severe (3)].  The FROP-Com has been 
shown to have good retest reliability (ICC for intra-rater and inter-rater reliability were 
0.93 and 0.81 respectively), and moderate accuracy predicting falls (sensitivity 71% 
and specificity 56%) (Russell et al., 2008).  A total score between 0 and 60 is obtained, 
where higher scores indicate greater level of risk of falling.  Then, the total score was 
categorised into three fall risk grading levels, namely (i) mild fall risk, (0-11), (ii) 









































In this thesis, the environment domain in the FROP-Com was excluded because all 
assessments were conducted at the Gerontology Laboratory and not at the 
participant’s home.  Therefore, the maximum score of the FROP-Com was reduced 
by three, instead of 60 to 57.  This modification was similar to that reported in a 
previous study (Williams et al., 2010). 
 
3.4.5 Measure of visual contrast sensitivity 
 
Contrast sensitivity was assessed using the Melbourne Edge Test (Verbaken and 
Johnston, 1986).  This test consists of a series of 20 circular patches containing edges 
with reducing contrast.  Every circular patch was divided into two halves with the angle 
of contrasting shade division varying randomly between vertical, horizontal, 45 
degrees to left or 45 degrees to the right (Figure 3.19).  The level of contrast reduced 
as the participant progressed through the chart up to the point where they were not 
able to identify any contrast.  The last numbered circular patch in which the contrast 
was accurately identified was recorded as the contrast sensitivity score.  The 
maximum score of 24 indicated an excellent score, with all the contrast in the circular 
patches being correctly identified, while a score cut off less than 16 has been reported 
as poor visual contrast sensitivity (Lord et al 1991).  In the present thesis, the score 
was divided into four categories namely accordingly “Excellent” 24, 20-23 as “Good”, 
16-19 as “Fair” and 1-15 as “Poor”.  Haymes and Chen (2004) reported a 95% 
confidence interval of 5.2 dB for test–retest measures on the new back-lit MET 
compared with 3.7 dB for the paper-based MET in 22 subjects with visual impairment.  
In another related study, the MET with back lit screen has been reported to have 
significant higher contrast sensitivity compared to the paper based MET 
 
Participants were tested in brightly lit conditions in a seated position at a table in the 
assessment room.  Participants were asked to sit with the visual contrast chart and 
light box leaning at an angle of approximately 45 degrees from the table top at a usual 
reading distance (about 50-60cm) from the light box, which illuminated the edge test 
transparency.  Participants were asked to identify the contrast starting from the top 
row and then progressing through to the fourth row.  Participants used their response 
card to indicate the angle of division by pointing to one of the four edge options on 
the response card.  The instruction given was “This test measures how well you can 




the light box, but please try not to touch it. Look at the circles one at a time and tell 
me which way the line goes through the circle, that is, point to the correct match for 
each on this (response) card.” 
 
Figure 3.19: The Melbourne Edge Test chart (Verbaken & Johnston, 1986). 
3.4.6 Measures of physical activity level  
 
The Human Activity Profile (HAP) (Fix & Daughton, 1988) is a questionnaire used to 
measure physical activity level (Figure 3.20).  The HAP has been used to evaluate 
physical activity in a wide variety of clinical populations as well as in healthy older 
people.  It consists of 94 items that originally were derived from the 105 item Additive 
Daily Activities Profile Test (ADAPT).  The HAP is used to assess a variety of activities 
ranging from activities of daily living and instrumental activities of daily living to 
recreational and sport activities.  The list of activities has been ranked in order of the 
energy expenditure required to perform the task.  As the HAP contains a list of 
activities from very easy to very strenuous, it is unlikely to have a ceiling effect when 
measured in community dwelling older people (Davidson & de Morton, 2007).  Each 
activity is based on estimated metabolic equivalents (METs), with each successive 
question representing a slightly higher MET level.  The lowest level of activity is 
getting in and out of bed (a score of 1) and the most difficult activity is running or 





The HAP has been found to have moderate to strong correlation with the physical 
functioning scale of the SF-36 and physical performance measures in a population of 
adults undergoing hemodialysis (Johansen et al., 2001), arthritis (Bilek et al., 2005), 
a population of adults with knee osteoarthritis (Bennell et al., 2004), as well as 
measures of physical function using an accelerometer among elderly women 
(Bastone et al., 2014). 
 
In the present thesis, participants were asked to indicate for each of the 94 activities 
whether they are “Still doing this activity” (if they completed the activity independently 
the last time they had the need or opportunity to do so), or “Have stopped doing” (if 
they engaged in the activity in the past, but would not be able to perform the activity 
currently if they had the need or they had opportunity to do so) or ‘Never did this 
activity’ (if they have never engaged in the specific activity), based on the participant’s 
self-report.  Two scores were obtained from the questionnaire:  The Maximum Activity 
Score (MAS) and the Adjusted Activity Score (AAS).  The Maximum Activity Score is 
the number of the most strenuous, highest numbered task the participant reported 
they were still doing.  The Adjusted Activity Score was calculated by subtracting from 
the Maximum Activity Score the number of activities with lower values which the 
participant rated as “stopped doing”.  The Maximum Activity Score and Adjusted 
Activity Score (AAS) had possible range of 0-94, with lower scores indicating lower 
level of physical activity.  For the studies in this thesis, the Adjusted Activity Score 
was used in the analyses. 
 
Davidson and de Morton (2007) in their systematic review summarised 39 studies 
among various populations including community dwelling healthy older people and a 
wide variety of clinical populations.  Results revealed that the correlation coefficient 
for test retest reliability ranged from 0.76 to 0.97 for the Maximum Activity Score and 
0.79 to 0.97 for the Adjusted Activity Score (Davidson & de Morton, 2007).  Bennell 
et al. (2004), reported test retest reliability was excellent (ICC=0.96) among people 
with knee osteoarthritis.  Furthermore, the minimal change in score at 90% confidence 
(MDC90) where change is beyond measurement error was estimated to be 7.8 for the 
Maximum Activity Score and 6.8 for the Adjusted Activity Score respectively 





















3.5 Statistical analyses 
 
Data were analysed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp. 
in Armonk, NY).  The distribution for normality of all continuous data was examined 
by using skewness and kurtosis statistics and were considered normal if the value fell 
within the range -2 ≥ z ≤ 2 (Altman & Bland, 1996), and non-normally distributed data 
(skew ≥ 2.0) being analysed with non-parametric tests.  The critical value for all 
analyses was p<0.05.  Descriptive analysis was applied on demographic data, fall 
circumstances and all outcome measures. All demographic and clinical 
characteristics were presented as a mean (SD), median, interquartile range, or n (%) 
for each group.  Cross tabulation analysis was applied to identify any association 
between fall characteristics and gender, and three age groups (50-59, 60-69, 70 and 
above).   
 
The statistical analysis for each objective is described below: 
 
a) A two-way analysis of variance was conducted to examine whether there was an 
interaction of two independent variable (gender and age groups) on clinical and 
laboratory measures of balance and mobility performance among participants.  
Age was categorised into three difference age group (ten years intervals) namely 
50-59, 60-69, and 70 and above.  Shapiro-Wilks and Levene’s Test were used to 
evaluate the assumption of normality and homogeneity of variance respectively 
on each measure between male and female in each age group.  Post Hoc 
analyses were carried out to determine between which groups mean differences 
were presented for the analyses involving three groups. 
 
b) Univariate analyses were performed to establish odd ratios and 95% confidence 
intervals associated with falls, and variables identified to be significant at p < 0.1 
in the univariate analysis, were then included in a multivariate regression using 
the enter method. 
 
c) Factor analysis was used to identify the interrelationship between the balance 
and mobility assessment measures to refine the assessment suite.  Factor 
Analysis using the Principal Component Analysis using varimax (orthogonal) 
rotation method with Kaiser Normalization was performed for clinical and 




factors solution and varimax rotation, and each factor was interpreted considering 
factor loading.  Scree plot and factor loadings greater than 0.3 on the matrix were 
considered in determining the number of factors.   
 
Power analysis and sample size calculation are reported in Section 3.3.2. 
 
3.6 Permission and ethical considerations 
 
Human Ethics (For projects involving human participants / tissue).  The research 
presented and reported in this thesis was conducted in accordance with the National 
Health and Medical Research Council National Statement on Ethical Conduct in 
Human Research (2007) – updated March 2014.  The proposed research study 
received human research ethics approval from the Curtin University Human Research 
Ethics Committee (EC00262), Approval Number FHEC11/099 (Appendix 7), La Trobe 
University Ethic Committee for Study 1 (Appendix 8) and the Research Ethics 
Committee of Universiti Putra Malaysia, (Appendix 9).  All participants read a plain 
language Participant Information Form, and had the opportunity to have questions 
related to participation answered by the researcher, before providing written consent 
to participate in the project. 
 
3.7  Safety considerations 
 
To ensure safety during the first two force platform standing tests, a safety jacket was 
fitted to the participant, and the harness was attached to an overhead rail.  The 
harness was fitted so as not to inhibit trunk movements during postural responses, 
but to steady the person if they start to overbalance.  During all other clinical and force 
platform tests, the participant was closely supervised by the trained assessor.  







STUDY 2: EFFECTIVENESS OF INDIVIDUALISED HOME BASED EXERCISE ON 
IMPROVING TURNING, BALANCE AND MOBILITY PERFORMANCE AMONG 
ADULTS AGED 50 YEARS AND ABOVE: RANDOMISED CONTROLLED TRIAL 
 
 
The methods for this randomised controlled trial have been published in a study 
protocol paper: Asmidawati, A., Hamid, T. A., Hussain, MR., & Hill, K.D. (2014).  
Home based exercise to improve turning and mobility performance among community 
dwelling older adults: protocol for a randomised controlled trial, BMC Geriatrics, 14 
(1), 100.  A copy of this paper is included in Appendix 1. 
 
3.8 Aims, research design and procedures 
 
The aim of this study was to evaluate the effectiveness of a 16 week individualized 
home based exercise program in improving turning performance and common 
balance impairments among community dwelling adults aged 50 years and above, 
who had impaired turning performance.  It was hypothesized that the intervention 
group could improve turning, balance and mobility performance relative to a control 
group. 
 
3.9 Study design 
 
This study was a single-blind randomised controlled trial where the assessors were 
blind to group allocation.  The study was registered at the Australian New Zealand 
Clinical Trial Registry (ACTRN12613000855729). The development of the 
methodology framework for this study was based on the CONSORT statement 
(Schulz et al., 2010).  A flow diagram of the study is illustrated in Figure 3.21. 
 
3.9.1  Participants and recruitment 
 
Participants were recruited through the distribution of flyers and on a voluntary basis 
from the membership of the University of the Third Age (U3A) of Malaysia, hosted at 
the Institute of Gerontology, Universiti Putra Malaysia.  The University of the Third 
Age (U3A) Malaysia is a program that provides lifelong learning courses to adults 




the proposed study including aims, potential benefit and risk, and expected time 
commitment associated with participation. 
 
Figure 3.21: Diagram of participant flow through the trial 




Eligible participants were screened on a single occasion prior to the baseline 
assessment to ensure they met the study inclusion criteria, which were: i) being 
identified as having performance on the Step Quick Turn test on the Neurocom™ long 
force platform outside of normal limits (based on age and gender normative data for 
this test on the Neurocom™ system), ii) being community-dwelling, iii) being aged 50 
years and over (this age cut-off was used because of the relatively shorter life 
expectancy in Malaysia compared to many countries with more advanced population 
ageing), iv) able to tolerate standing and walking independently for at least six 
minutes, v) being community ambulant, and vi) having no major neurological history 
(e.g. stroke with unilateral or bilateral paresis, multiple sclerosis) or orthopedic history 
that impacts on functional mobility. 
 
Participants were excluded if they: i) had severe clinical or musculoskeletal 
impairment such as fractures that affected mobility and function, ii) had visual or 
auditory impairment which cannot be corrected (e.g. with glasses or hearing aids), iii) 
had a past history of stroke, Parkinson’s disease, cardiac problem, or transient 




The assessment battery was conducted at the Gerontology Laboratory, Institute of 
Gerontology, University Putra Malaysia, at baseline and 16 weeks later. The assessor 
(blind to group allocation) received formal training to carry out the clinical and 
laboratory measures of balance was assisted by one research assistant (a qualified 
physiotherapist) who received training on the assessment procedures by the PhD 
candidate.  Assessments being used for the RCT study were listed as Table 3.1 in 
the first part of this chapter.  The details of clinical and laboratory measurement 
protocol at the baseline and reassessment for the RCT study were similar to those 
reported for Study 1.  The assessment took approximately 90 to 120 minutes for each 
assessment occasion (baseline and reassessment). 
 
All assessments in this study were carried out by a trained researcher.  Participants 
wore a safety jacket and harness during two of the standing Neurocom™ force 
platform balance assessments (mCTSIB and LOS, see section 3.4.2.2), to avoid risk 







All eligible participants were randomised to either the intervention group or the control 
group based on a concealed randomisation procedure using a computer generated 
random numbers table.  This table designated the order of numbers (of participants) 
into “1” and “2”, where “1” represented the control group and “2” represented the 
exercise group.  Group allocation for each participant number was folded and placed 
in an opaque envelope with numbers consecutively from 1-68 (the required sample 
size, see section 3.14) numbered on the outside, and sealed by a researcher 
independent of the assessors.  Group assignment was carried out consecutively after 
the baseline assessment, at which time each participant was informed as to which 
group they were allocated. 
 
3.12 Intervention and control activities 
 
Participants allocated to the intervention group were requested to perform an 
individualized home based exercise program at least four times per week for 16 
weeks.  This exercise program was adapted from the Otago Exercise Program 
(Campbell et al., 1997a), which includes balance and strengthening exercises, but 
each person’s program was modified to also include two additional exercises focused 
on improving turning performance.   
 
A previous meta-analysis of the Otago individualized tailored home exercise program 
demonstrated the program to be effective in reducing falls related injuries by 35% in 
older people and those with increased risk of falls (Robertson et al., 2002).  The 
dosage for the adapted Otago exercise program in this study is consistent with 
recommendations from a meta-analysis of exercise interventions in reducing falls 
(Sherrington et al., 2011).   
 
The selection and number of exercises for each participant in the intervention group 
was based on assessment findings of level and areas of impairments.  Most of the 
participants received six to eight exercises, which took approximately 20-30 minutes 
per session on average, including rests.  Two of the six to eight exercises prescribed 
were selected to improve turning ability, while the other exercises were targeted to 
improve identified balance and mobility impairments.  Intervention participants were 




progression was dependent on the ability of the participant and their improvement 
over time.  The exercise progression was increased gradually by increasing the 
number of repetitions, increasing amplitude of an exercise, reducing base of support, 
and /or reducing support (Table 3.2).  In addition to the balance, strengthening and 
mobility (including turning) exercises, a graduated walking program was integrated 
into the 16 weeks intervention, at least three times per week, with gradually increasing 
distances.  Participants were asked to record the exercises performed and walking 
activity in exercise diaries provided for this purpose (Figure 3.22).   
 
Participants in the exercise intervention were asked to visit the assessment laboratory 
for three occasions during the 16 week period (one visit after 3, 6 and 9 weeks) for 
review, modification of exercises (if indicated) and motivation to persist with the 
exercise program.  Exercise diaries were returned to the researcher during each visit.  
For safety precautions, participants were advised to perform the exercises near a 
sturdy bench or chair on each side and wall behind for the purpose of immediate 
support if required.   
 
Participants in the control group were asked to continue with their usual activities for 
16 weeks, following the baseline assessment and randomisation.  
 
Both the intervention and control group received four phone calls interspersed over 
the 16 week period (weeks 4, 8, 12 and 16) by a researcher blind to group allocation 
to obtain details regarding any falls that occurred between phone contacts.  The 
program of the RCT study was summarized as in Table 3.3.   
 
As for Study 1, a fall was defined as “an unexpected event which results in a person 
coming to rest advertently on the ground or other lower level, other than as a 
consequence of sustaining a violent blow, loss of consciousness or sudden onset of 
paralysis as a stroke or epileptic seizure” (Gibson et al., 1987, p. 4). 
 
3.12.1  Home based exercise program 
 
The individualised home based exercise program was delivered by the PhD 
researcher over a 16 week duration.  The PhD researcher who delivered the exercise 









Table 3.2: Exercise prescription and level of progression for strengthening, balance and turning component and walking 
program 
Warming Up Level 1 Level 2 Level 3 Level 4 Progression 
- Neck turning      
- Trunk turning      
- Trunk extension      
- Ankle plantar and dorsiflexion      
-       
Strengthening      
- Sit to stand 5 stands with 2 
hands support  
 5 stands with one 
hand support 




Able to complete 2 
sets of 10 
repetitions before 
progress to next 
level or number of 
repetitions before 
fatigue 
 10 stands 2 hand 
support 
10 stands one 
hand support 
  
     
- Knee bend (squat) 10 repetitions with 
support 
10 repetitions no 
support 
10 repetitions, no 
support (repeat 2 
times) 
10 repetitions, no 
support (repeat 3 
times 
Progress to lower 
squat or less fast  
  
  10 repetitions, 
hold support 
(repeat 2 times) 
   
      








(repeat 2 times) 
 
With support or 
without support 




(repeat 2 times) 
15 repetitions 
without support 
(repeat 2 times) 











Table 3.2: Continued      
Exercise Level 1 Level 2 Level 3 Level 4 Progression 
- March on spot on foot 30 seconds no 
support 
   Number of repetitions 
before fatigue 
- March on spot on heels 30 seconds with 
support 
30 seconds no 
support 
60 seconds with 
support 
60 seconds no 
support 
 
- March on spot on toes 30 seconds with 
support 
30 seconds no 
support 
60 seconds with 
support 
60 seconds no 
support 
 
      
Balance      
- Tandem stance (heel to toe) 10 seconds no 
support 
   Able to complete the 
task without support 
- Tandem walk (forward)  Walk 10 steps 
with support 
(repeat 2 times 
Walk 10 steps no 
support (repeat 2 
times) 
  
- Tandem walk (backward)   Walk 10 steps 
with support 
(repeat 2 times) 
Walk 10 steps no 
support (repeat 2 
times) 
 
- Rock on to heels 10 times no 
support 
20 times no 
support 
   
- Rock on to toes 10 times no 
support 
20 times no 
support 
   
- Heel walking   Walk 10 steps 
with support 
(repeat 2 times) 
Walk 10 steps no 
support (repeat 2 
times) 
Progression of rock 
on heels 
- Toe walking   Walk 10 steps 
with support 
(repeat 2 times) 
Walk 10 steps no 
support (repeat 2 
times) 
Progression of rock 
on toes 
- One leg stand (repeat for each 
leg) 
15 seconds with 
support 
15 seconds no 
support 
30 seconds no 
support 
60 seconds no 
support 
 
- Stepping diamond shape 10 times no 
support 
15 times no 
support 
30 times no 
support 
60 times no 
support 
 
- March on spot   Higher / slower leg 
lift 











Table 3.2: Continued      
Exercise Level 1 Level 2 Level 3 Level 4 Progression 
Turning 
- 90 degree turns on the spot 5 repetitions 10 repetitions 15 repetitions 20 repetitions Able to complete 
the task without 
support 
- Figure 8 walk Once in each 
direction 
Twice in each 
direction 
Once in each 
direction (narrow 
width) 




- Step across body 10 repetitions 
each leg 
    
- Braiding  5 steps and turn 10 steps and turn 15 steps and turn  
      
Walking      
-  
- Walking 1-2 minutes longer 
 





increase by 1 to 2 
minutes 
    
Participants were 
asked the time 
they spend for 
outdoor walking at 
usual pace. 
Additional 1 to 2 
minutes to their 
usual time they 





















Table 3.3. Program schedule for the laboratory visit and follow up phone calls of fall monitoring for intervention and control 
group 
Week                 
              Activity 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
Baseline 
Assessment 
*                 
Laboratory visit 
b  
  x   x   x         
Follow -up 
Phone call for 
fall monitoring a  
   #    #    #    #  
Reassessment                 * 






Each intervention group participant was given an exercise booklet and exercise diary at 
the initial laboratory visit.  The exercise booklet contained the instructions and pictorial 
images for each chosen exercise (for example, see Figure 3.23).  The booklet also 
contained information about the aims of the exercise program, safety precautions 
including the place where the exercise should be performed (near the sturdy table, chair 
or wall), and advice that the exercises should be avoided if the participant experienced 
dizziness, chest pain or shortness of breath or felt unwell, and the researcher be 
contacted in such circumstances.   
 
 




3.13  Outcome measures 
 
The primary outcome variables in this study were the turn sway and turn time variables 
from the Step Quick Turn measure on the Neurocom™ Balance Master.  Secondary 
outcome variables were: time taken to complete the Timed Up and Go test with single 
and dual task, the Step Test, Functional Reach test and level of physical activity 
(HAPAAS), and other variables from the Neurocom™ Balance Master tests: Walk Across 
(step width), Sit-To-Stand (degree of sway, weight transfer, time taken to stand up and 
rising index), Limits of Stability (movement velocity and reaction time in seconds) and 
exercise adherence (number of exercise sessions per week).  
 
3.14 Statistical analyses 
 
Power analysis was performed for the primary outcome measure (Step Quick Turn test 
on the Neurocom™ Balance Master), based to the mean score for the step Quick Turn 
Test (sway degree/second) result from a previous exercise intervention trial of older with 
mild balance impairment (Yang et al., 2012).  It was estimated that 34 participants per 
group (68 participants in total) were required for this study to have at least 80 percent 
power to detect a 15 percent improvement in the Step Quick Turn test using the turn sway 
measure on the Neurocom™ Balance Master Long Force Plate.  This calculation was 
based on assuming a 50% standard deviation improvement with the intervention [SD = 
10.2, effect size =0.5 (medium to large effect)] at P < 0.005 (two-tailed).  This calculation 
includes allowance for an anticipated 20% dropout rate.  This sample size was also 
calculated to be sufficient for the other secondary outcome measures proposed in this 
study. 
 
Data were analysed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp. in 
Armonk, NY).  All analyses were conducted using the intention to treat principle.  Baseline 
demographic and clinical characteristics were presented as a mean (SD), median, 
interquartile range, or n (%) for each group.  Comparisons of the baseline characteristics 
of the participants in the two groups were analysed using Fisher’s exact test and Chi-
square test for categorical data and independent Student’s t-test for continuous data.  
Data were inspected for normality before use in analysis.  Missing data due to drop outs 




way between group analysis of variance (ANOVA) with repeated measures was applied 
to identify the effect of the exercise intervention on the turning and balance measures.  
Any baseline differences between groups were included as covariates in the analysis.  
Effect sizes (mean change/pooled SD) were calculated for the intervention group for the 
outcome measures. 
 
3.15 Permission and ethical considerations 
 
The research presented and reported in this thesis was conducted in accordance with 
the National Health and Medical Research Council National Statement on Ethical 
Conduct in Human Research (2007) – updated March 2014.  The proposed research 
study received human research ethics approval from the Curtin University Human 
Research Ethics Committee (EC00262), Approval Number FHEC: PT231/2013, Approval 
Date: May 30, 2013.  Actual data collection occurred at the Institute of Gerontology, 
University Putra Malaysia, resulting in the need for the additional ethical clearance by the 
Research Ethics Committee of University Putra Malaysia (Appendix 11).  Permission was 
also obtained to conduct research in Malaysia from authorities in the Economic Planning 






FALL PREVALENCE AND FALL RISK 
ASSESSMENT AMONG COMMUNITY 
DWELLING ADULTS AGED 50 YEARS AND 
ABOVE IN MALAYSIA: CROSS-SECTIONAL 
STUDY 
 
4.0  Introduction 
 
Falls are common events among older people and have become known as one of the 
“giants” of geriatric medicine (Clements, 2008; Close, 2001).  Due to the increasing falls 
prevalence with increasing age (Cumming, 1998) and the unprecedented rate of aging 
populations worldwide (Kinsella & Velkoff, 2001) falls have become one of the most 
common and serious health problems in older adults (Abbott, 2009; Speechley, 2011).  A 
recent review of epidemiological studies of falls across countries indicated that the 
reported range of falls rates in the community setting for older people varies between 20 
to 33% (Peel, 2011), though most commonly these have been reported between 30-35%.  
These falls resulted in serious injuries in 10-20% of cases and 2-6% resulted in a fracture 
or other serious injuries requiring hospitalisation (WHO, 2007).   
 
Although there are many studies of falls risk factors and falls prevention interventions, 
the majority of these have been undertaken in Western countries (Deandrea et al., 2010).  
There have been a small number of studies that have reported falls incidence in Asian 
nations, such as Taiwan (Chang et al., 2010; Kwan et al., 2013b), Japan (Kojima et al., 
2008), Korea (Eun et al., 2015; Sohng et al., 2004), Hong Kong (Chu et al., 2005), 
Singapore (Chan et al., 1997), and Thailand (Assantachai et al., 2003) (see Chapter 2.3).  
These few studies have reported generally lower rates of falls, between 10 to 33 percent 




al., 2011a).  Differences in age, racial background, socio-demography, environment and 
population settings, lifestyle (diet, activity, sunlight exposure), body dimensions, and 
culture between countries might all contribute to the differences of fall prevalence, 
circumstances and consequences of falls across different regions of the world (Bekibele 
& Gureje, 2010).  Additionally, differences in sampling, recruitment and methods of data 
ascertainment (retrospective vs prospective falls data), and possibly cultural differences 
in willingness to report specific health problems such as falls, may account for some of 
these differences.  Research is needed to identify prevention strategies that will be 
effective in different cultural contexts (WHO, 2007). 
 
Recently, the older population in Malaysia is growing rapidly.  In 2007, there were 
1,195,480 people aged 65 years and above, which represented 4.41% of the total 
population (Ong et al., 2009).  It was projected that by the year 2019 the population aged 
65 and above would reach seven percent (Ruziaton et al., 2006) and Malaysia will 
become an aged nation by the year 2030 whereby the older population comprises 15% 
of the total population (Hamid, 2012; Ruziaton et al., 2006).  This demographic change 
will result in older people forming a more significant part of the Malaysian society.   
 
This situation creates the need for preventive action to minimize the impact of the 
problems associated with ageing, such as falls.  Furthermore, initial identification which 
may involve comprehensive assessments of falls risk factors could minimize the 
likelihood of progression of falls risk (as stated in Chapter 2.4) and provide a basis to 
inform effective fall prevention program at early stages of risk for the older population.  
Ideally, the magnitude of the problem of falls and associated contributory factors needs 
to be defined in the Malaysian context, and management strategies should be designed 
within the context of local needs and the Malaysian primary and public health care 
systems.   
 
The current chapter provides results for a cross-sectional study of falls prevalence and 
fall risk assessment carried out among 156 Malaysian adults aged > 50 years.  The 






Section I: To identify the prevalence and circumstances of falls in the previous 12 months 
among community dwelling  Malaysian adults aged 50 years and above.   
 
Section II: To examine the effect of age and gender on clinical and laboratory measures 
of balance, mobility performance and psychometric measures among community 
dwelling Malaysians aged 50 years and above. 
 
Section III: To identify the risk factors that differentiate fallers and non fallers among 
community dwelling Malaysians aged 50 years and above. 
 
Section IV: To identify a reduced suite of balance and mobility assessment measures 
for community dwelling Malaysians aged 50 years and above, based on factor analysis. 
 
The cross-sectional study consisted of 156 adults aged > 50 years.  Convenience 
sampling was used to recruit from the University of the Third Age (U3A) Selangor and 
Kuala Lumpur, Malaysia, from the group based at the Institute of Gerontology, Universiti 
Putra Malaysia.  Details of inclusion and exlusion criteria, and approach for recruitment 
for this study have been described in Chapter 3.3.  Data collection was carried out from 
September 2011 until April 2012.  Face to face interviews were conducted by trained 
researchers based on a structured questionnaire and a series of physical performance 
tests, and clinical and laboratory measures of balance and mobility as summarised in 
Table 3.1, Chapter 3.   
 
All clinical and laboratory measures of balance, physical assessments, and interviews 
were carried out at the Gerontology Laboratory, Universiti Putra Malaysia.  On average, 
the total assessment took approximately one and half hours.  None of the participants 
required rests during the testing, even though they were permitted to have short rests as 
requested, and no adverse events were occurred during assessment.  A detailed 
description of each test procedure has been reported in Chapter 3.4.  In this study, a fall 
was defined as “unintentionally coming to the ground or some lower level and other than 
as a consequence of sustaining a violent blow, loss of consciousness, sudden onset of 








Descriptive statistics of frequency, percentage, mean, and standard deviation were used 
to describe the characteristics of the participants, falls circumstances and all outcome 
measures.  For continuous data, means, standard deviations, median, range and skew 
were assessed (skew criterion <2).  The distribution of all continuous data was reviewed 
using the Shapiro Wilks Test, with non-normally distributed data being analysed with non-
parametric tests. 
 
Details of the analyses are described in Chapter 3.5.  Participants who reported one or 
more falls in the preceding 12 months were categorized as a faller, and those who did 
not report any falls in the preceding 12 months were categorized as non fallers.  
Independent T-Tests were used for continuous normally distributed variables, and the 
Mann-Whitney U test (for non-normally distributed variables) was used to differentiate 
between fallers and non fallers.  Chi-squared cross-tabulation tests were applied for 
categorical variables.   
 
Two-way ANOVA was performed to examine whether there was an interaction between 
gender and age on clinical and laboratory measures of balance and mobility among 
participants.  Age was categorized into three age groups (ten year intervals) namely 50-
59, 60-69, and 70 and above.  Shapiro-Wilks and Levene’s Test were used to evaluate 
the assumption of normality and homogeneity of variance respectively on each measure 
between genders in each age group. 
 
Univariate analyses were performed to establish Odd Ratios and 95% confidence 
intervals for variables associated with falls.  Variables with a p<0.1 in the univariate 
analyses were then included in a multivariate regression using the enter method.   
 
Factor Analysis using the Principal Component using varimax (orthogonal) rotation 
method with Kaiser Normalization was performed for clinical and laboratory measures of 
balance.  Extraction of factors was based on the principal factors solution and varimax 
rotation, and each factor was interpreted considering the individual variables loading onto 
each factor.  Scree plots and factors loading greater than 0.3 in the pattern matrix were 




All analyses were conducted using SPSS Versions 22.0, and the level of significance 
criterion for all analyses was set at p<.05, unless otherwise stated. 
 
4.1 Section I: Prevalence of falls and circumstances of falls among community 
dwelling Malaysians aged 50 years and above 
 




A total of 156 participants were assessed in this study.  The socio-demographic 
characteristics of participants are summarised in Table 4.1.  The age of participants 
ranged from 50 to 78 years old, with median age being 63.0 years (IQR = 6.5), and more 
than half of the participants (56.4%) were females.  The majority of participants were 
Malays (83.3%) and 16.7% were non Malays (consisting of 10.3% of Chinese and 6.4% 
Indian).  Most participants were married (76.3%) and 23.7% were currently unmarried 
due to either divorce, being widowed or never married.  In terms of living arrangements, 
most participants lived together with their spouse, or with spouse and their children.  Only 
6.4% of participants were currently living alone.  On average, participants reported having 
three to four children.   
 
All participants in this study were able to write and read, either in Malay or English or 
both, and were cognitively intact based on the AMTS score (M = 9.40, SD = 0.81).  In 
terms of the education level, more than half of participants (54.5%) have received up to 
11 years of formal education which refers to having had a formal schooling period from 
primary level up to secondary level, and about 32% had received tertiary education.  One 
hundred and twenty six participants were currently not working (80.8%) and the remaining 
were still working.  For those who were not working, 92 participants (73.0%) were retirees 
as a government pensioner and 34 participants (27.0%) were never employed.  The 
median monthly income of participants was MYR1900 ($AUD614.46) based on the 
currency exchange as at September 28, 2015, with minimum income MYR200 
($AUD64.68) up to maximum MYR10,000 ($AUD3233.99), received from salary, 





Table 4.1: Socio demographic profile of participants (N = 156). 
Variables 




Age 63.0 (6.5)  
Gender    
Male   43.6 
Female   56.4 
Ethnicity    
Malay   83.3 
Non Malay   16.7 
Marital Status    
Married   76.3 
Divorced/ widowed/ Never Married   23.7 
Living Arrangement    
Lived alone   6.4 
Lived with spouse only    26.3 
Lived with children   49.4 
Lived with others    17.9 
No. of children 3.6 (2.1)  
Cognitive score (AMTS) 9.4 (0.8)  
Education Level    
Primary (6 years of formal education)   13.5 
Secondary (Up to 11 years of education)    54.5 
Tertiary (More than 11 years of education)   32.0 
Monthly income  MYR1900, [MYR2000]  
Employment status    
Not working (never work and retirees)   80.8 
Still working   19.2 
Note. M = mean; SD = standard deviation; Mdn = median; IQR = interquartile range; AMTS = 
Abbreviated mental Test Score; MYR = Malaysian Ringgit; Currency exchange as at 28/09/2015, 




Physical and medical profile 
 
Physical characteristics and medical profile of participants are shown in Table 4.2.  
Participants’ mean height in (cm) and weight in (kg) were (M = 155, SD = 8.1) and (M = 
66.2, SD = 13.3) respectively.  Three quarters of participants (76.8%) were classified as 
having abnormal body mass index (BMI), based to the WHO recommendation (2004), 
with approximately 48% of the participants categorised as being overweight (BMI 
>24.9kgms-2 up to 30kgms-2), 28% categorised as obese (BMI >30.0kgm-2), while only 
0.8% of participants were underweight (BMI <18.5kgms-2).  In terms of health and medical 
conditions, ninety six participants (61.5%) reported having at least one health problem 
and among those who were diagnosed with a medical condition, about 26% had three or 
more health problems that might affect their balance and mobility performance.  The most 
common self-reported health conditions were diabetes mellitus (31%), arthritis (27%), 
cardiac problems (24%) and back pain (24%).   
 
Thirty percent of participants reported taking three or more types of medication daily, and 
central acting analgesics (24%) were the most commonly prescribed medication, followed 
by diuretics (21%), digoxin and type 1 antiarrhythmic (15%) respectively.  Eighteen 
percent of participants had incontinence problems, and 82% reported that they had to go 
to the toilet more than three times during the night time.  Almost all participants (92%) 
perceived their current health status as good and 76 % of participants were satisfied with 
their current quality of life.   
 
The fall risk assessment indicated that 118 participants (75.6%) had four or more fall risk 
factors, identified in the combination of 13 domains measured using the FROP-Com 
assessment tool (M = 7, IQR = 7.0).  None of the participant reported having uncorrected 
vision that affect their functional ability.  More than half of participants (70%) are able to 
identify the edge contrast accurately and were classified as “good” based on the MET 
score (20 to 23) and only 10% reported experiencing somatosensory problems such as 
numbness.  About 41% of participants were identified as having foot problems such as 
bunion, swelling or corns.  In terms of assistive devices, only two participants were using 





Table 4.2: Physical and medical profile of participants (N = 156). 
Variables 




Height (cm) 155 (8.1)  
Weight (kg) 66.2 (13.3)  
BMI (kgms-1)    
Underweight (less than 18.5)    0.8 
Normal (18.5 -24.9)   23.1 
Overweight ≥ 25   48.1 
Obese   28.0 
Number of health conditions    
None   38.5 
1-2 conditions   44.2 
3 or more conditions   17.3 
Medical problems    
Diabetes mellitus   30 (19.2) 
Arthritis   26 (16.7) 
Cardiac problems   23 (14.7) 
Back pain   23 (14.7) 
Dizziness   19 (12.2) 
Neurological condition   19 (12.2) 
Respiratory problem   13 (8.3) 
Osteoporosis   7 (4.5) 
Number of prescribed medications    
No medication   36.1 
1-2 medications   33.8 
3 or more medications   30.1 
Note. M = mean; SD = standard deviation; Mdn = median; IQR = interquartile range; BMI = 







Table 4.2: (continued) Physical and medical profile of participants (N = 156). 
Variables 




Type of medication   
Central acting analgesic  38 (24.4) 
Diuretic  33(21.2) 
Digoxin  23 (14.7) 
Type 1 antiarrhythmic  23 (14.7) 
Incontinence  28 (17.9) 
Had history of fall  
(One or more falls in previous 12 months) 
 31.4% 
Physical Activity level (HAPAAS) 73.6 (10.8)  
Exercise level   
Very active (exercise 3 times/week)  82 (52.6) 
Moderately active (less than 2 times/week)  79 (47.4) 
Risk of falls (FROP-Com Score)  7 [IQR=7]  
Visual Contrast Sensitivity (MET Score Category) 20.9 (1.82)  
Excellent (24)  12.8 
Good (20-23)  69.9 
Fair (16-19)  15.4 
Poor (1-15)  1.9 
Note. M = mean; SD = standard deviation; Mdn = median; IQR = interquartile range; 
HAPAAS= Human Activity Profile Adjusted Activity Score; FROP-Com= Falls Risk for Older 
People – Community; MET= Melbourne Edge Test 
 
Activity level was measured using the 94 Human Activity Profile (Fix & Daughton, 1988).  
For the purpose of analysis, the Adjusted Activity Score was calculated as described in 
Chapter 3.4.6.  Overall, the mean score for the Adjusted Activity Score was 73.6 (SD = 
10.8).  Bivariate analysis indicated that the Adjusted Activity Score was negatively 
correlated with age (r = - 0.466, p<.001).  One way Analysis of Variance showed that the 
difference in activity scores between age groups was significant, F(2,155) = 24.29, p < 
.001.  Post -hoc analyses using Tukey HSD revealed that the youngest age group had 




groups.  Results also indicated that the 60-69 age group (M = 72.7, SD = 9.5) had 
significantly higher activity level compared to the 70 year and older group (M = 67.3, SD 
= 10.3).  More than half of participants (52.6%) reported performing exercise three times 




In terms of psychological aspects related to falls, two measures were carried out to 
identify: i) fall efficacy, and ii) level of depression.  Fear of falling was assessed using the 
FES-I tool.  The mean FES-I score was M = 17.6 (SD = 6.1).  More than half of participants 
were not concerned about falling during dressing or undressing, whilst 47.4% were highly 
concerned about falling when they were walking down a slope.  Table 4.3 shows the level 
of concern about falling relating to each type of activity.  The Geriatric Depression Scale 
(GDS-15) based to the categories as previously described in Chapter 3.4.3.1, indicated 
that the majority of participants did not have depressive symptoms, with an overall mean 
score of M = 2.1 (SD = 1.94). 
 
Table 4.3: Distribution of level of concern on falls based on Fall Efficacy Scale 
International 7 Items (N = 156). 
Type of activity  












Getting dressed or undressed  50.6 20.5 15.4 13.5 
Taking bath or shower 32.1 23.7 21.2 23.1 
Getting in or out of a chair 35.9 23.7 23.7 16.7 
Going up or down of a stairs 19.9 26.3 25.6 28.2 
Reaching for something above your head 
or on the ground  
17.9 24.4 26.9 30.8 
Walking up or down a slope 9.6 17.3 25.6 47.4 
Getting out to a social event e.g: religious 
service, family gathering or club meeting 




4.1.2 Prevalence and circumstances of falls. 
 
Forty nine participants (31.4%) experienced at least one fall in the previous 12 months, 
with seven fallers (14.3%) reporting experiencing two falls within the twelve months prior 
to the date of interview.  Out of the 49 participants who fell, 31 were female (63.3%) and 
18 were males (36.7%).  The proportion of falls was higher among females compared to 
males, however this difference did not reach statistical significance (𝜒2(1) = 1.36, p = .24).  
The distribution of falls prevalence by gender is reported in Table 4.4 and Figure 4.1. 
 
 
All participants were categorised into three 10 year intervals of age group, which are 50-
59 years, 60-69 years and 70 years and above.  Eighteen fallers (36.7%) were aged 50-
59, 16 fallers (32.7%) were aged 60-69 and 15 fallers (30.6%) were aged 70 years and 
above.  There was no difference between age groups for the prevalence of falls (𝜒2(2) = 
0.65, p =.722).  The distribution of falls prevalence by age group is reported in Table 4.5 
and Figure 4.1. 
 
The circumstances of falls were obtained from the participant’s explanation regarding 
their falls as reported in Table 4.6.  The location of fall were classified into three main 
areas which were inside the home, outside the home and community areas.  More than 
  
Table 4.4: Distribution and Chi Square analysis of falls prevalence by gender.  
 
Gender 
Total            
n (%) 
p value Male                    
n (%)  
Female                
n (%)    
One or more 
falls in past 12 
months 
18 (11.5) 31 (19.9) 49 (31.4) 0.243 
No falls in past 
12 months 
50 (32.1) 57 (36.5) 107 (68.6)  
Total 68 (43.6) 88 (56.4) 156 (100)  




Table 4.5: Distribution and Chi Square analysis of falls prevalence by age group.  
 
Age Group 
Total             
n (%) 
p value 50-59 years 
n (%)   
60-69 years 
n (%)   
70 and above 
n (%)   
One or more 
falls in past 12 
months 
18 (11.5) 16 (10.3) 15 (9.7) 49 (31.4) 
0.722 
 
No falls in past 
12 months 
33 (21.2) 41 (26.3%) 33 (21.2) 107 (68.6) 
 
Total 51 (32.7) 57 (36.5%) 48 (30.8) 156 (100)  
Note. Analysis of 𝜒2, significant differences at *p <.05. **p <.01. 
 
 
Figure 4.1: Distribution (percentage) of prevalence of falls by gender and age group. 
 
half (63.3% of fallers) reported that they fell at home, which included falls that occurred 
inside and outside the home.  The bathroom, kitchen and dining area, and bedroom were 























was the most prevalent area reported for falls occurring outside the home.  Thirty seven 
percent of fallers reported falling in community areas, with the most frequent location for 
these falls being in front of shops, streets (including curb, uncovered drain or uneven 
walking paths), and park areas.  More men and the younger age group reported higher 
rates of falls in the community areas, although these differences were not statistically 
significant. 
 
Slips on wet floors, on slippery tiles, on an object such as loose rugs, and trips on curbs 
or uneven walking paths were the most prevalent falls causes, accounting for 75.5% of 
falls.  Twenty five percent of falls were described as due to loss of balance and feeling 
dizzy.  There was a significant association between gender and cause of fall, F(2) = 
6.261, p = 0.044, with eight out of eighteen (44%) male fallers reporting that their falls 
were associated with loss of balance.  There was no significant difference in the 
distribution of causes of falls between the three age groups.  The most prevalent types 
of activities prior to falls were walking (61%), turning (26.5%) reaching and bending 
(8.2%), and standing (8.2%).  Almost one third of fallers reported that they fell in the 
forwards direction and 18.4% fell backwards.  Slightly more than half of falls reported 
occurred during night time.   
 
4.1.3 Consequences of falls 
 
Based on self-report regarding the severity of injuries incurred during falls, nine fallers 
(18.4%) reported no injury, while 40 fallers (81.6%) suffered injuries from their fall.  More 
than half of fallers (71.4%) sustained minor injuries such as grazes, bruises, sprains and 
cuts, while 10.2% reported suffering a severe injury such as fracture or dislocation as a 
consequence of their fall (Table 4.7).  Among those five participants who experienced 
severe injuries, one participant had a fractured patella, one experienced an ankle 
fracture, one had a wrist fracture and two had ankle dislocations.  Among those fallers 
who had minor injuries, twenty two (62.8%) did not require medical treatment and 37.2% 
did seek medical attention.  Even though all severe injuries were reported among female 
fallers and these were most prevalent in fallers in the 60-69 age group, there was no 

















Total        
n (%) 
p 
value Male,        
n (%) 
Female    
n (%) 
50-59 years 
n (%)   
60-69 years 
n (%)   
70 and above 
n (%) 
Location of fall 
  
0.110 
   
 0.549 
inside home 4 (8.2) 13 (26.6)  6 (12.2) 5 (10.2) 6 (12.2) 17 (34.7)  
outside home 4 (8.2) 10 (20.4)  3 (6.1) 6 (12.2) 5 (10.2) 14 (28.6)  
community 10 (20.4) 8 (16.3)  9 (18.4) 5 (10.2) 4 (8.2) 18 (36.7)  
         
Causes of fall   0.044*     0.959 
trip 3 (6.1) 10 (20.4)  5 (10.2) 4 (8.2) 4 (8.2) 13 (26.5)  
slip 7 (14.3) 17 (34.7)  9 (18.4) 7 (14.3) 8 (16.3) 24 (49.0)  
loss of balance 8 (16.3) 4 (8.2)  4 (8.2) 5 (10.2) 3 (6.1) 12 (24.5)  
         
Time of fall 
  
0.790 
   
 0.419 
Daytime1 8 (16.3) 15 (30.6)  9 (18.4) 9 (18.4) 5 (10.2) 23 (46.9)  
Night time 10 (20.4) 16 (32.7)  9 (18.4) 7 (14.3) 10 (20.4) 26 (53.1)  
Total 18 (36.7) 31 (53.3)  18 (36.8) 16 (32.7) 15 (30.6) 49 (100)  
*Analysis of 𝜒2, significant differences at *p <.05. **p <.01. 


















Total        
n (%) 
p  
value Male,        
n (%) 
Female    
n (%) 
50-59 years 
n (%)   
60-69 years 
n (%)   
70 and above 
n (%) 
Direction of fall   0.459     0.542 
Forward 5 (10.2) 10 (20.4)  7 (14.3) 6 (12.2) 2 (4.1) 15 (30.6)  
Backward 5 (10.2) 4 (8.2)  3 (6.1) 2 (4.1) 4 (8.2) 9 (18.4)  
Left 3 (6.1) 4 (8.2)  2 (4.1) 2 (4.1) 3 (6.1) 7 (14.3)  
Right 1 (2.0) 7 (14.3)  3 (6.1) 4 (8.2) 1 (2.0) 8 (16.3)  
Down 4 (8.2) 6(12.2)  3 (6.1) 2 (4.1) 5 (10.2) 10 (20.4)  
Total 18 (36.7) 31 (53.3)  18 (36.8) 16 (32.7) 15 (30.6) 49 (100)  





























Age Group  





Male,        
n (%) 
Female    
n (%) 
50-59 years 
n (%)   
60-69 years 
n (%)   
70 and above 
n (%) 
Level of injury   0.087     0.592 
No injury 6 (12.2) 3 (6.1)  3 (6.1) 3 (6.1) 3 (6.1) 9 (18.3)  
Minor injury,            
did not require 
medical attention 
8 (16.3) 14 (28.6)  9 (18.4) 8 (16.3) 5 (10.2) 22 (44.9) 
 
Minor injury,             
did require medical 
attention  
4 (8.2) 9 (18.4)  5 (10.2) 2 (4.1) 6 (12.2) 13 (26.5) 
 
Severe injury      
(fracture, dislocation) 
0 (0.0) 5 (10.2)  1 (2.0) 3 (6.2) 1 (2.0) 5 (10.2) 
 
Total 18 (36.7) 31 (53.3)  18 (36.7) 16 (32.7) 15 (30.5) 49 (100)  




4.2  Section II: Gender and age differences on balance and mobility 
performance 
 
Detailed assessment of participant’s balance and mobility performance was carried 
out.  A multivariate two way analysis of variance (ANOVA) was undertaken to examine 
the effect of age and gender on balance and mobility performance.  
 
In total, 13 measures of balance and mobility performance were assessed, consisting 
of eight laboratory measures and five clinical measures of balance which were 
included in the analysis.  Measures of balance were compared between male and 
female participants across the three age groups, namely 50-59 years old, 60-69 years 
and 70 years and above, as listed in Table 4.8.   
 
The two way ANOVA showed a statistically significant interaction effect of gender and 
age on step width (cm) for the Walk Across test, F(2,150) = 5.225, p = .006, partial ŋ2 
= .065.  This finding demonstrates that step width is statistically different between age 
groups and gender.  A simple main effect of gender indicated that female participants 
had significantly narrower step width (M = 16.46, SD = 2.69) compared to males 
participants (M = 18.74, SD = 2.58). 
 
Additionally, age was found to have had a significant effect on four clinical measures 
of balance, namely the Timed Up and Go test (F [2,150] = 6.915, p = .001, partial ŋ2 
= .084), Timed Up and Go Dual task, F(2,150) = 8.530, p =.000, partial ŋ2 = .102, 
Functional Reach Test, F(2,150) = 5.792, p = .004, partial ŋ2 = .072, and the Step 
Test, F(2,150) = 5.225, p = .006, partial ŋ2 = .065.  For laboratory measures using the 
Neurocom™ balance master force platform, three measures differed between age 
groups - static stance sway, mCTSIB (F [2,150] = 8.285, p = .000, partial ŋ2 = .099), 
and maximum excursion, F(2,150) = 16.63, p = .000, partial ŋ2 = .182 and directional 
control, F(2,150) = 11.37, p = .000, partial ŋ2 = .132, of the Limits of Stability test. 
 
Post hoc analysis indicated that those balance measures which had a main effect of 
age demonstrated a significant difference between the 50-59 and 60-69 year age 
groups and the 70 years and above group, or between those who were aged 50-59 
and the 70 years and older group.  None of the post hoc analyses showed any 
significant differences between those aged 60-69 and 70 years and older.  Results 
indicated that those aged 50-59 took significantly less time to complete the TUG single 




= .007) and participants aged 70 years and above (M = 10.62, SD = 1.77; p < .001), 
as shown in Figure 4.2. 
 
Similar findings were identified for the Timed Up and Go with dual task, with those 
aged 50-59 taking significantly less time to complete the TUG task while carrying a 
cup of water (dual task) (M = 10.39, SD = 1.77) compared to those aged 60-69 (M = 
11.72, SD = 1.98; p = .004), and participants aged 70 years and above (M = 12.31, 
SD = 3.04; p <.000).   
 
Additionally, older adults aged 70 years and above were found to have significantly 
poorer balance (less steps on the Step Test), (M = 14.73, SD = 3.79; p = .006), 
compared to those aged 50-59 (M = 16.84, SD = 3.01).  Similar age group differences 
were identified for the Functional Reach test between the 50-59 year age group and 
those in the 60-69 and 70 years and above age group, with a longer reaching ability 
in those aged 50-59 (M = 9.43, SD = 1.45), compared to those aged 60-69 and those 
aged 70 years and older.  However, for the Limits of Stability test, the maximum 
distance (excursion) was only statistically different between those in the 50-59 age 
group (M = 88.16, SD = 9.29), and the 70 years and older group (M = 76.48, SD = 
11.86).  Similar differences were identified for directional control in the Limits of 
Stability test, with those aged 70 years and above being significantly less direct in 
reaching the desired target compared to those aged 50-59.  In addition, the older aged 
group demonstrated more sway during static stance compared to the youngest aged 
group.  There were no significant differences identified between the 60-69 and 70 
years and older group on any of these measures.   
 
The Functional Reach test was also identified to have a significant main gender effect, 
F(1,150) = 4.793, p = .030, partial ŋ2 = .031 (Figure 4.3), with males reaching further 
than females. 
 
4.3 Section III: Identification of fall risk factors for falls among Malaysian 
adults aged 50 years and above  
 
As reported in section 4.1.2, 49 participants (31.4%) experienced at least one fall in 
the previous 12 months.  The prevalence rate of falls among the studied population 








Table 4.8: Two way analysis of variance, means and standard deviations of the balance and mobility performance measures grouped by 























































Limit of Stability  
(LOS) 
           
- Reaction time  
(sec) 
1.28 (0.25) 1.28 (0.23)  1.29 (0.31) 1.32 (0.25)  1.30 (0.28) 1.31 (0.25) 0.695 0.858 0.976 
- Directional control 
(deg/sec) 
74.95 (8.03) 73.13 (6.91)  74.09 (7.19) 71.30 (6.41)  67.93 (9.49) 64.38 (13.17) 0.056 0.000** 0.888 
- Maximum excursion 
(%) 
85.90 (9.96) 89.61 (8.68)  85.28 (13.27) 83.34 (7.90)  78.32 (9.84) 75.52 (15.34) 0.864 0.000** 0.273 
WA, step width (cm) 18.92 (2.56) 15.60 (2.38)  18.61 (2.38) 16.97 (2.80)  17.65 (2.52) 16.85 (2.79) 0.000** 0.056 0.048* 
STS, COG sway 
(deg/sec) 
3.10 (0.82) 2.69 (0.922)  2.89 (1.02) 2.83 (0.86)  2.65 (1.01) 2.68 (0.93) 0.343 0.452 0.480 
SQT, worse side            
- Turn sway  
(deg/sec) 
51.58 (7.10) 50.86 (9.11)  48.56 (6.39) 48.80 (7.71)  49.34 (8.08) 50.53 (10.83) 0.862 0.305 0.856 
- Turn time  
(sec) 
2.41 (0.84) 2.31 (0.91)  2.31 (0.52) 2.14 (0.67)  2.40 (0.71) 2.45 (1.04) 0.565 0.431 0.778 
*Statistically significant at p < .05, **Statistically significant at p < .01*. Note. M = Mean, SD = Standard Deviation, mCTSIB = Modified Clinical Test Sensory Interaction 









Table 4.8: continued 
Measures 




























Clinical measures of 
balances 
          
 
Timed up and Go            
- Single task  
(sec) 
9.45 (1.19) 9.42 (1.61)  11.08 (2.08) 10.34 (1.96)  10.43 (2.17) 10.48 (1.71) 0.419 0.001** 0.480 
- Dual Task  
(sec) 
10.60 (1.39) 10.26 (1.98)  12.00 (1.87) 11.50 (2.06)  12.48 (3.13) 12.16 (3.01) 0.305 0.000** 0.976 
Functional Reach Test  
(cm) 
31.00 (4.95) 29.29 (4.93)  28.7 (4.99) 26.24 (5.82)  27.87 (5.31) 26.20 (4.8) 0.030* 0.004** 0.858 
ST, worse leg stepping  
(no. of step/ 15 sec) 
16.80 (3.02) 17.23 (3.37)  15.08 (3.57) 15.34 (3.30)  15.91 (4.49) 15.60 (3.74) 0.830 0.006** 0.868 
FTSST  
(sec) 
17.10 (6.50) 17.90 (5.64)  17.88 (5.91)  16.91 (5.36)  18.39 (6.02) 16.52 (5.58) 0.470 0.995 0.513 
*Statistically significant at p < .05, **Statistically significant at p < .01*. 
Note. M = Mean, SD = Standard Deviation, *p < .05; mCTSIB = Modified Clinical Test Sensory Interaction of Balance; LOS = Limit of Stability; WA = Walk across; STS 







Figure 4.2:  Timed Up and Go test score by age and gender. Two way 




Figure 4.3: Functional Reach test performance by age and gender. Two way 









































































compared to another recent Asian fall study (Chang et al., 2016; Hu et al., 2015; Jiang 
et al., 2015; Shi et al., 2014; Siong et al., 2016; Sohng et al., 2004).  Therefore further 
analysis was carried out to identify the associated risk factors for falls among this 
cohort of Malaysian adults aged 50 years and above. 
 
4.3.1 Regression analysis (univariate) 
 
Based on the Chi Square and T-test (Table 4.9), a number of significant differences 
were identified between fallers and non fallers, with fallers having higher BMI, lower 
visual contrast sensitivity score, poorer balance (Step Test, increased sway and took 
longer time during to perform Step Quick Turn test), higher depression score, and 
slower walking speed.  In addition, presence of back pain was significantly associated 
with falls status, 𝜒2 (1) = 3.56, p < 0.05, with those reporting back pain having almost 
three times the likelihood of having had a fall compared to those without back pain 
(O.R: 2.87). 
 
4.3.2 Regression analysis (multivariate) 
 
A correlation matrix of all balance and mobility measures is tabulated in Appendix 13.  
All dynamic balance measures for clinical and laboratory measures were significantly 
correlated.  Multicollinearity is considered to be present if correlation exists greater 
than 0.7 (Dormann et al., 2013).  Where multicollinearity was present, one of the pair 
of highly correlated measures was selected for inclusion in the regression analysis.  
In the present study, Timed and Up and Go test single task was found to be 
significantly correlated (with a correlation of greater than 0.7) with Timed Up and Go 
with dual task.  For the multivariate regression analysis, the Timed and Go test with 
dual task was included in the analysis. 
 
Multiple logistic regression identified that turning impairment was significantly 
associated with falls status and also absence of back pain and better vision contrast 
sensitivity were significant were (95% CI= 0.701, 0.890), were protective of falls, 
compared with impaired turning that increased risk of falling (Table 4.10).  The 
multiple logistic regression model was statistically significant, 𝜒2 (8) = 36.26, p < 
0.001.  The Hosmer Lemeshow goodness of fit was not significant (p =0.843).  The 
model explained 20.7% (Cox & Snell) to 29.1% of the variance in having a fall, and 




Note. *Statistically significant at p < .05, **Statistically significant at p < .01*. 
 
Table 4.9: Univariate analysis of balance performance and functional performance of 
participants according to fall status. 
Characteristic 







Body Mass Index, BMI (kg/ms-2)  27.2 (4.7) 28.6 (4.5)    0.071 
Visual Contrast Sensitivity (MET Score) 21.2 (1.7) 20.5 (1.9) 0.028* 
Clinical Measures of Balance 
   
Functional Reach Test 27.4 (6.5) 28.0 (5.7) 0.577 
Step Test (worst leg) 16.5 (3.5) 14.9 (3.7)   0.012* 
Timed Up and Go  10.1 (1.9) 10.6 (2.3) 0.177 
Timed Up and Go with Dual Task  11.3 (2.5) 12.2 (3.6) 0.066 
Five Times Sit to Stand Test  17.4 (5.9) 17.6 (5.4) 0.873 
Laboratory measures   
 
mCTSIB - mean COG sway (deg/sec)  0.6 (0.4) 0.7 (0.4) 0.331 
Limits of stability  (LOS) 




2.9 (1.0) 0.223 
- Reaction time(sec) 1.9 (1.2) 1.3 (1.3) 0.552 
Walk across (WA) 







- Speed (cm/ sec) 62.8 (15.0) 57.4 (16.8)  0.044* 
Sit to stand Test-  
- Mean Rising Index (%of body weight) 16.2 (8.5) 13.8 (5.8) 0.073 
- Mean COG sway (deg/sec) 2.8 (0.9) 2.8 (0.9) 0.801 
Step Quick Turn - worst side  
-Turning sway (deg/sec) 49.0 (8.0) 52.2 (9.3)   0.028* 
-Turning time (sec) 2.2 (0.8) 2.5 (0.8) 0.039* 




Fall Efficacy Score (FES-I) 17.6 (6.1) 16.8 (6.4) 0.437 
Depression (GDS15) 1.9 2.9    0.008** 




Those who were identified as having imbalance during turning (turn sway or turn time 
or both outside of normal limits) were approximately five times more likely to have a 
fall compared to those who did not have turning impairment. 
 
4.4 Section IV: Identification of a suitable balance measurement suite for 
community dwelling Malaysian adults aged 50 years and above  
 
The assessment suite used for this study has included a broad mix of assessment 
items assessing physical performance that can be associated with increased falls risk.  
A Principal Component Analysis (PCA) with varimax rotation of 14 of clinical and 
laboratory measures of balance and mobility was undertaken with data from 156 
participants in order to determine an abbreviated suite of assessment items.  An 
examination of the Kaiser-Meyer Olkin measure of sampling adequacy suggested that 
the sample was factorable (KMO = 0.70).  The results of the varimax rotation of the 
solution are shown in Table 4.11.  Five factors were extracted explaining 63.2% of 
total variance. 







BMI (Kgms-2) 1.065 0.977 1.166 0.156 
Visual Contrast Sensitivity (MET 
Score) 
0.874 0.701 0.890 0.028* 
Depression (GDS score) 1.149 0.938 1.408 0.179 
Back pain (no)  0.214 0.077 0.596 0.003** 
Timed Up and Go (dual task) 0.941 0.759 1.167 0.579 
Walk across - Speed (cm/sec) 1.010 0.974 1.047 0.072 
Step Test (worst leg) 0.888 0.845 1.070 0.607 
Turning impairment (yes)# 4.824 1.707 12.839 0.003** 
*Statistically significant at p < .05, **Statistically significant at p < .01. 
Note. OR = odd ratio; CI = confidence interval; LL= lower limit; UL = upper limit; BMI = Body 
mass Index; MET = Melbourne Edge Test; #Turning impairment categorised – yes=turn 





Table 4.11: Factor loading based on a principal components factor analysis 
with varimax rotation for 14 clinical and laboratory measures of balance and 











Timed Up and Go with Dual Task -0.69 0.32    
Step Test 0.47 -0.37    
Five Times Sit To Stand Test -0.75     
Functional Reach test (cm) 0.51    0.32 
Modified Clinical Test Sensory 
Interaction of Balance 
- Composite score mean COG 
sway (deg/sec) 
    
-0.74 
 
Limits of Stability (LOS)Test      
- Reaction time (sec)   -0.86   
- Movement Velocity (deg/sec)   0.84   
- Endpoint excursion (%) 
  0.55 0.65  
- Directional control (%)    0.73  
SQT, worse side  0.78    
- Turn sway (deg/sec)      
- Turn Time (sec)  0.86    
Sit to Stand Test (STS)     
 
- Mean COG Sway Velocity 
(deg/sec) 
    0.72 
Walk across (WA) test      
-  Speed (cm/sec)  0.58    
 
-  Step width (cm)  
 
   0.77 
Eigenvalues 3.64 1.56 1.32 1.28 1.06 
Percentage of total variance (%) 25.97 11.14 9.41 9.15 7.56 
Number of test measures 5 4 3 3 3 
Note: Factor loading < 0.3 are removed; mCTSIB = Modified Clinical Test of Sensory 
Interaction of Balance; LOS = Limits of Stability; WA = Walk across; STS = Sit to Stand; SQT 




Three of these factors appeared to group measures that could be clearly identified as 
sub-domains of balance / mobility, based on the measures loading most strongly onto 
the factors: (1) turning related tasks (factor 2), (2) leaning related tasks (factor 3), and  
(3) static stance tasks (factor 4).  There are two main items that relate to turning ability, 
namely sway during turning and turning time that, strongly loaded onto factor labelled 
as “turning”.  Timed Up and Go (dual task) loaded weakly onto this factor.  The time 
taken and movement velocity during the Limits of Stability test were strongly loaded 
onto the third factor, related to leaning ability.  Furthermore, three items that loaded 
onto factor 4 relate to static stance balance, which accounted for 9.15% of the 
variance.  The strongest loading variable on Factor 1 was the Five Times Sit to Stand 
test which included a combination of other physical performance tasks with moderate 
loading onto the factor, including walking, sit to stand, leaning and stepping 
components.  This factor was therefore considered to be a dynamic leg strength 
factor.  Factor 5 is difficult to interpret with two disparate measures of dynamic balance 
components loading strongly on to this factor.  However, this factor only accounted 
for 7.56% of total variance.  There were only four out of 70 correlations between 
measures and factors that were greater than 0.3 on factors other than the one they 




4.5.1 Participant profile  
 
The sample in this study were community dwelling adults aged 50 years and above, 
participating in University of the Third Age activities.  Seventeen percent of the sample 
had three or more medical conditions, with most common medical conditions being 
diabetes mellitus, arthritis, followed by cardiac problems and back pain.  Overall, the 
sample appeared to be a relatively well, and active cohort. 
 
4.5.2 Falls prevalence and circumstances 
 
Results from this study indicated the frequency of falls among people in Malaysia 
aged 50 years and older were common and comparable to previous western country 
studies among older people aged 65 years and above (Ambrose et al., 2013; Tinetti 
et al., 1988), and within the range of 6 to 35% reported by other Asian studies 
(Assantachai et al., 2003; Eun et al., 2015; Kwan et al., 2013a; Shin et al., 2009a).  




substantially lower than those reported in the present study (Kwan et al., 2011a).  Our 
study, similar to the majority of studies reported in the Kwan (2011) review used 
retrospective recall of falls in the past 12 months, which has been shown to under-
estimate actual falls numbers by approximately 20% due to the possibility that 
participants may have forgotten to recall some of their fall experiences (Hill et al., 
1999; Khalil et al., 2008).  There are other factors that might also contribute to the 
lower falls rates reported in some of these previous studies, including not having a 
clear definition of fall and different interpretation of what a fall is between participants 
and researchers.  Zecevic (2006) concluded that older people were prone to consider 
falls resulted most commonly from loss of balance, due to unintentional trips or slips, 
whereas healthcare professionals tend to consider falls as incidents with multiple 
contributory factors, and that can lead to injuries and illness.  From a cultural 
perspective among some Asian populations, falls may be seen to be a disgraceful 
experience that they fear might be reported to other people (Shin et al., 2009a). 
 
Results from this study found that the most frequent circumstances of falls were trips 
and slips, as well as loss of balance while walking at indoor and outdoor areas.  This 
finding is similar to those identified in other Asian (Aoyagi et al., 1998; Assantachai et 
al., 2003; Jitapunkul et al., 1998a; Sohng et al., 2004) and non Asian studies (Hill et 
al., 1999; Painter et al., 2009).  Participants reported high concern about falling when 
doing more challenging outdoors tasks which required more balance, such as going 
down a slope or reaching for a high object.  There may be value in further exploring 
the link between outdoor activity and environment, and falls and falls efficacy.  Of 
note, an important finding was that instability during turning is common and found to 
be one of the associated risk factors for falls among the studied population.  This 
highlights that balance impairment especially during turning should received further 
attention for future fall intervention.  Key elements relating to fall circumstances and 
activities can provide additional useful information to the risk factor assessment to 
inform the most appropriate falls prevention intervention to be recommended.   
 
4.5.3 Effects of age and gender on balance performance 
 
Interestingly, the current study found that those in the 50-59 year age group 
experienced more falls compared to older group.  This finding is similar to a previous 
study which reported that 72% of those aged 50 years and above experienced more 
falls compared to other older age groups (Painter et al., 2009), and is also consistent 




(Sohng et al., 2003).  Possible explanations for this unexpected finding may be due 
to the recruitment which consisted of participants among U3A membership who were 
relatively healthy and active.  One study of healthy older people in Australia found that 
almost 50% fell, and 10% suffered serious injuries from their falls (Hill et al., 1999).  
Furthermore, the younger group may be involved in more vigorous activity levels that 
could increase exposure to the risk of falls  as compared to older aged groups that 
may be less active (Talbot et al., 2005). 
 
4.5.4 Fall risk factors 
 
In contrast to previous studies, there was no significant effect of age, gender and 
socio-demographic measures that contributed to fall status in the present study.  
Variables that were significantly associated with falls in univariate analyses were: step 
test, visual edge contrast sensitivity score, BMI, having back pain, depression level 
and turning performance during Step Quick Turn test.  The measure with the strongest 
association with falls was instability during turning, with an odds ratio of 4.8, indicating 
a quadrupling of risk of falling relative to those without turning impairment.  It is 
noteworthy that in the present study, the majority of participants have been classified 
of having at least mild turning instability based to the measures of the Neurocom™ 
Step Quick Turn test.  The Step Quick Turn is one of the computerised protocols that 
provides an objective measure of turn sway and turn time (age and gender matched) 
relative to normal limits, and was found to be significantly associated with falls among 
the studied population.  Turning performance has rarely been investigated as a 
measure of interest in studies investigating falls risk among older people.  The findings 
from the present study highlight the importance of measuring turning performance 
when investigating falls risk.  This is consistent with previous findings that reported 
that a fall during turning increases the risk of hip fracture 8-fold (Cumming & Klineberg, 
1994).  Therefore, possible interventions that aim to improve turning performance 
could be of benefit to the studied population, and others with increased risk of falling. 
 
4.5.5 Assessment tools for balance performance 
 
Based on the factor analysis, an abbreviated suite of measures is recommended as 
a minimum assessment suite when assessing physical and balance performance 
associated with falls risk for older people.  These analyses showed that an 
abbreviated set of clinical measures of balance incorporating static and dynamic 




performance.  Of note, the recommended tests focus on the clinical measures of 
balance, as availability of computerised balance machines such as the NeurocomTM 
in Malaysia is very limited and involves high cost.  Based on the factor groupings and 
highest loading variables in the factor analysis results, it is recommended that Sit to 
Stand, Timed Up and Go test (dual task), Functional Reach test and Step Test are a 
useful abbreviated suite of clinical measures of balance and mobility when assessing 
populations such as those used in this study.  Furthermore, these tools were 
commonly used for comprehensive assessment of balance and mobility previously 
(Hill & Schwarz, 2004).   
 
4.6 Limitations of the study 
 
This study has several limitations.  The sample was a convenience volunteer sample, 
so there is a potential bias as it may not accurately represent the overall community 
dwelling population, especially comparing the current findings with other studies that 
use representative samples.  Future research in Malaysia should consider use of 
representative sampling approaches to more accurately quantify the magnitude and 
implications of falls in this context.  In addition, the age of 50 years and above was 
used in this study, because Malaysia is at a relatively early stage of population ageing 
relative to other countries such as Japan and Australia, which generally have used 
the age of 60 or 65 years and above as the criterion for older age.   
 
4.7 Conclusion  
 
The findings of this study provide insight into the circumstances, consequences and 
correlates of risk of falls in the Malaysian context, and highlight that falls are a 
common problem among active community dwelling Malaysians over the age of 50 
years.  Results also highlighted that one of the main factors differentiating fallers from 
non-fallers that has rarely been investigated in the past is unsteadiness during turning 
activities, and this risk factor warrants further investigation in terms of contributory 
factors and potential interventions.  The study findings highlight the need for a strong 
focus on fall prevention in the primary healthcare system developing and 







EFFECTIVENESS OF INDIVIDUALISED 
HOME BASED EXERCISE ON TURNING 
AND BALANCE PERFORMANCE AMONG 
ADULTS AGED > 50 YEARS: A 




The current chapter provides detailed results for a randomised controlled trial study, 
that aimed to evaluate the effectiveness of a 16 week individualised home based 
exercise intervention in improving turning performance among adults aged >50 years 
with mild balance impairment during turning.  This study was conducted based on the 
findings reported in a cross-sectional study (Chapter 4), which identified that more 
than half of the 135 participants had impaired turning performance (outside of age 
matched normal limits using the Step Quick Turn Test on the Neurocom™ Balance 
Master). 
 
As discussed in the literature review (Chapter 2.5.3), older people with balance 
impairment and history of falls have been shown to have difficulties during turning 
(Dite & Temple, 2002b).  Studies have reported that turning is an essential gait related 
activity involved in daily functional tasks.  Sedgman et al. (1994) highlighted that 
turning is an important maneuver in daily activities, finding that 20% of steps involve 
turning.  Another related study that evaluated turning in four community activities, 
including walking through a cafeteria, through a convenience store, and from a 
specific office to a car in the parking lot, reported that between 8-50% of steps 
involved turning maneuvers (Glaister et al., 2007). These findings affirm the 
importance of turning in daily ambulation.  Turning has also been shown to be a more 
challenging maneuver compared to straight-line walking (Segal et al., 2008a) and the 




Furthermore, as compared to regular walking, falls while performing turning 
maneuvers are eight times more likely to result in hip fracture (Cumming, 1998), and 
have also been reported to be associated with greater risk of slip-related falls (Nagano 
et al., 2013). 
 
Despite the significance of turning ability, and involvement of turning in the 
circumstances of many falls, to date few studies have investigated turning difficulties, 
and the effectiveness of exercise programs which include specific exercises to 
improve turning ability in people with identified turning impairment.  Established  
exercise interventions such as the Otago Exercise Program (Campbell et al., 1997a) 
and the LiFE exercise program (Clemson et al., 2012) do integrate a small number of 
exercises that include turning related activities, but these are not routinely applied, 
nor is a turning task routinely used to determine problems with turning in order to tailor 
this type of exercise for the individual. 
 
Therefore, the aims of this study were to evaluate the effectiveness of exercise that 
included a focus on turning performance, on the improvement of turning and other 
related measures of balance performance in people aged >50 years with impaired 
turning performance.  It was hypothesised that the home based exercise intervention 
group would improve turning and balance performance relative to a control group over 




Participants were recruited and randomised into control and intervention group.  The 
details regarding inclusion and exclusion criteria, and recruitment and randomisation 
process have been described previously in Chapter 3.9 and has been published as a 
protocol (see Appendix 1).  A study flow diagram is illustrated in Figure 5.1.   
 
The assessment battery carried out for baseline and follow up are summarised in 
Table 3.1 (Chapter 3.4).  The initial and follow up assessments were conducted at the 
Gerontology Laboratory, Institute of Gerontology, University Putra Malaysia at 
baseline and 16 weeks, by an assessor blind to group allocation (single blind study).  
The assessment took approximately 90 to 120 minutes.   
 
The exercise intervention has been described in Chapter 3.12.  In brief, the exercise 




selected for each intervention participant being additional exercises aiming to improve 
turning performance (Chapter 3.12).  Participants were asked to exercise four times 
per week, and to also undertake a progressive walking program three times / week, 
for the 16 week period.  Adherence to the exercise program was measured using a 
self report exercise diary (Chapter 3.12). 
 
The primary outcome variables in this study were the turning performance measures 
from the Step Quick Turn assessment on the Neurocom™ Balance Master (turn sway 
and turn time), and the Timed Up and Go test (single and dual task).  Secondary 
outcome variables were other balance and mobility measures - the Step Test, 
Functional Reach test and level of physical activity (Human Activity Profile Adjusted 
Activity Score (HAPAAS), and other variables from the Neurocom™ Balance Master 
tests: Walk Across (step width), Sit-To-Stand (degree of sway), and Limits of Stability 
(composite score of Maximum Excursion, Directional Control and Reaction Time).  
Adherence to the exercise program was also a secondary outcome measure. 
 
Statistical analysis for this study is described in detail in Chapter 3.14, and reported 
briefly here.  Data were analysed using IBM SPSS Statistics for Windows, Version 
22.0 (IBM Corp. in Armonk, NY).  Baseline demographic and clinical characteristics 
were presented as a mean (SD), median, interquartile range, or n (%) for each group.  
Comparisons of the baseline characteristics of the participants in the two groups were 
analysed using Fisher’s exact test and Chi-square test for categorical data and 
independent Student’s t-test for continuous data.  Data were inspected for normality 
of the distribution before use in analysis.  All analyses were conducted using the 
intention to treat principle.  Missing data due to an anticipated drop out rate of up to 
20% were imputed using the last value carried forward (LOCF) method.  
 
A two way between group analysis of variance (ANOVA) with repeated measures was 
applied to identify the effect of the exercise intervention on the turning and balance 
measures.  Any baseline differences between groups were included as covariates in 
the analysis.  Adherence with the exercise program was divided into high adherence 
(exercise four times or more each week) or low adherence (three or less times 
exercise each week).  A change score in primary outcome measures (turn sway and 
turn time on Step Quick turn Test) at baseline and re assessment for high and low 
adherence group were calculated.  Independent t-tests were applied to identify if the 
mean change in turn sway and turn time score of the Step Quick Turn test differed 





Effect sizes (mean change / pooled SD) were calculated for all measures for the 
intervention group. 
 
This study has been accepted for publication in Ashari et al. (2016) (see Appendix 14 




A total of 110 potential participants aged 50 years and above volunteered to 
participate in the study.  After screening for inclusion criteria, 42 participants were not 
randomised due to having normal turning performance (sway turn (deg/s) or turn time 
(s) within the normative range (based on age and gender) of the Step Quick Turn test, 
provided by the Neurocom™ Balance Master long force platform.   
 
Sixty eight participants who had abnormal turning performance and completed the 
screening for inclusion criteria, were randomised to either the intervention group or 
the control group based on a concealed randomisation procedure as detailed in 
Chapter 3.11.  There were 34 participants assigned to the intervention and 34 to the 
control group.  The recruitment and randomisation of the participants through the 
study is shown in Figure 5.1.  At the completion of the study, 63 participants (31 in the 
intervention group and 32 in the control group) completed the 16 weeks follow up 
assessment. 
 
5.3.1 Participant characteristics 
 
Characteristics of the study participants are shown in Table 5.1.  The mean age of 
participants was 63.7 (±6.4SD, Min 50, Max 79) years, 57.4% were females; 70.6% 
were Malays and 29.4% others (primarily Chinese and Indian), and 70.6% were 
retirees, and participants were predominantly living with a spouse (86.8%).  At the 
initial assessment, 14 participants (20.6%) reported one or more falls in the previous 
12 months and the average fall risk score using the FROP-Com was 5 (low risk).  
Participants had a median of one medical condition, with the most common medical 
conditions reported being back pain (20.6%), dizziness (16.2%) and diabetes 




score for the Short Falls Efficacy Scale International (FES-I) assessment being 
19.1±6.6.  Participants had little symptoms of depression based on the Geriatric 
Depression Scale score.  More than half of participants (64.7%) were classified as 
moderately active based on the Human Activity Profile Adjusted Activity Score (<74). 
 
 





5.3.2 Baseline assessment of turning, balance and physical performance of 
participants 
 
Overall, the baseline characteristics (Table 5.1), balance and functional ability scores 
(Table 5.2) were similar between the intervention and control group.  The only 
significant difference was that there were more self-reported fallers in the past 12 
months allocated to the intervention group relative to the control group (29% vs 12%). 
 
5.3.3 Changes in turning and balance related measures over 16 week 
individualised Home based exercise (HBE) intervention 
 
In total, 63 participants (31 in the intervention group and 32 in the control group) 
completed the 16 weeks follow up assessment.  Participants withdrew from the study 
primarily due to being unwell (n=2), relocation (n=1), or being too busy (n=2). 
 
Participants in the intervention group were prescribed on average eight exercises, 
consisting of general warm-up exercises, balance and strengthening exercises, 
including two exercises aiming to improve turning performance, and a tailored 
graduated walking program.  Overall, participants took approximately between 20 to 
30 minutes to perform the exercises and were asked to undertake these exercises 
four times each week.  Participants in the exercise intervention were also asked to 
walk three times per week for a prescribed time that was gradually increased during 
the 16 weeks.  Table 5.3 reports the most commonly prescribed exercises to improve 
turning ability.  For the turning component of the exercise program, the most 
frequently prescribed turning exercise was the figure of 8 walk and step turn (see 
Table 3.2, Section 3.12 for details of all exercises used).  The turning exercises were 
progressed initially by increasing the number of repetitions, and at later stages by 
changing the turning exercise.  Participants were asked at each visit if they had 
experienced any adverse events since the preceding visit.  Timing and nature of the 
adverse event were noted to determine if the adverse event might be related to the 
exercise (eg muscle or joint pain shortly after an exercise session).  Participants were 
asked at each visit if they had experienced any adverse events since the preceding 
visit.  Timing and nature of the adverse event were noted to determine if the adverse 
event might be related to the exercise (eg muscle or joint pain shortly after an exercise 
session). There were no adverse events attributable to the exercise intervention 
observed during the intervention period.  Analyses for the study outcomes were 

















Age (years), mean (SD, min-max),  62.4 (6.6, 50-79) 64.8 (6.1, 54-76) 63.7 (6.4, 50-79) 0.113 
Women, n (%) 19 (55.9) 20 (58.8) 39 (57.4) 0.806 
Malay, n (%)a 24 (70.6) 24 (70.6) 48 (70.6) 0.793 
Living with spouse, n (%) 28 (82.4) 31 (91.2) 59 (86.8) 0.562 
Retirees, n (%) 24 (70.6) 24 (70.6) 48 (70.6) 0.875 
BMI (Kg/ms2), mean (SD, min-max) 26.4 (3.8) 25.9 (3.8) 26.1 (3.8) 0.558 
Height (cm), mean (SD, min-max) 157.9 (7.9, 142-175) 156.5 (7.3, 145-174) 157.3 (7.7, 142-175) 0.473 
Had a fall in last 12 months, n (%) 10 (29.4) 4 (11.8) 14 (20.6) 0.039* 
Risk of Fall Score (FROP-Com), median (25th and 75th 
percentiles) 
5 (1-7) 5 (1-8) 5 (1-8) 0.807 
Number of medical conditions, median (25th and 
75thpercentiles) 
1 (0-3) 1 (0-1) 1 (0-1) 0.865 
Number of medications, median (25th and 75th percentiles) 1 (0-2) 1 (0-1) 1 (0-3) 0.467 
Falls Efficacy Scale (FES-I score-7 items), mean (SD, min-
max) 
19.9 (6.9, 7-28) 19.9 (6.9, 7-28) 19.1 (6.6, 7-28) 0.184 
Depression (GDS Score- 15 items), mean (SD, min-max) 0.88 (1.70, ) 1.21 (1.53) 1.04 (1.62, 0-6) 0.423 
Human Activity Profile Adjusted Activity Score (HAPAAS),  
mean (SD, min-max) 
72.9 (5.9, 61-85) 70.5 (7.5, 56-86) 71.7 (6.8, 56-86) 0.147 
Note: Other ethnicities included Chinese and Indian, BMI = Body Mass Index; FROP-Com = Fall Risk of Older People in Community; FES-I = Falls 









Table Table 5.2: Balance performance on clinical and laboratory measures at baseline 
Measures 
Intervention (n=34) Control (n=34) 
p value* 
Mean (SD, min-max) Mean (SD, min-max) 
Laboratory measures of balance    
- SQT, worse side turn sway (deg / sec)# 50.30 (10.17, 23.20-78.30) 54.12 (10.89, 30.40-80.60) 0.141 
- SQT, worse side turn time (sec) # 2.33 (0.51, 1.46-3.31) 2.46 (0.51, 1.39-3.45) 0.308 
- mCTSIB, Composite sway (deg /sec) 0.50 (0.23, 0.13-1.05) 0.47 (0.16, 0.25-0.95) 0.896 
- LOS, reaction time (sec) 1.20 (0.25, 0.74-1.83) 1.32 (0.23, 0.91-1.92) 0.426 
- LOS, directional control (deg /sec) 73.68 (8.24, 55-88) 75.31 (6.75, 60-86) 0.376 
- LOS, maximum excursion composite score (% 
LOS) 
84.97 (8.80, 71-104) 81.41 (11.42, 64-101) 0.155 
- WA, step width (cm) 16.60 (3.45, 7.9-23.8) 16.74 (3.05, 11.5-24.4) 0.827 
- STS, COG sway (deg /secs) 2.51 (0.82, 1.0-4.3) 2.48 (0.98, 0.9-5.7) 0.894 
Clinical measures    
- Timed Up and Go (sec) 10.4 (1.41, 8-13) 10.7 (1.50, 8-14) 0.372 
- Timed Up and Go with dual Task (sec) 15.0 (2.47, 10-20) 15.1 (2.89, 9-22) 0.859 
- Five Timed Sit-to- Stand Test (sec) 12.6 (1.60, 9-16) 12.2 (1.88, 9-15) 0.826 
- Functional Reach Test (cm) 29.7 (4.65, 20-39) 28.1 (4.93, 15-39) 0.365 
- Step Test, worse leg stepping (number of steps/ 
15 sec) 
13.8 (2.5, 9-19) 13.7 (2.4, 8-19) 0.925 
Note. SQT = Step Quick Turn; mCTSIB=modified Clinical Test of Sensory Interaction of Balance; LOS = Limit of Stability; WA = 
Walk Across; STS = Sit To Stand Test; COG = centre of gravity. 






12 months as a covariate.  Tables 5.4 and 5.5 compare participant performance from 
baseline to the 16 weeks reassessment between the intervention and control group.  
There was a significant group by time effect for both turning measures (SQT) on the 
Neurocom™ Balance Master long force platform: for turn sway, F(1,65) = 8.070, 
p=0.006, and turn time F(1,65) = 8.216, p=0.006, with significantly better performance 
over time by the intervention group relative to the control group.  There were also 
significant group by time effects for a several of the secondary measures: composite 
static stance sway mCTSIB, F (1,65) = 10.491, p=0.002, Timed Up and Go (TUG) 
single task, F(1,65) = 6.647, p=0.012, and TUG dual task, F(1,65) = 8.301, p=0.005.  
For all of these measures, the intervention group had significant improvement over 
time relative to the control group (Tables 5.4 and Table 5.5).  Effect sizes were 
calculated for change in intervention group participants for all measures.  Of the 
measures that improved significantly with the intervention, effect sizes ranged from 
0.47 (medium effect) for Timed Up and Go test to 1.09 (large effect) for the Modified 
Clinical Test of Sensory Interaction of Balance (composite sway). 
 
Although the study was not powered to detect a difference in falls or fallers between 
the two groups over the 16 weeks, information regarding falls could provide data to 
inform future sample size estimation for this outcome.  In the present study, data on 
falls was collected through the follow up phone call for both groups (control and 
intervention), four phone calls which occurred at 4, 8, 12, and 16 weeks.  Over the 16 
weeks, a total of five participants (7.4%) fell.  Two participants in the intervention 
group (5.8%) fell during the 16 weeks, compared with three (8.8%) in the control 
group.  The most common cause of falls were a slip on the floor during rushing while 
walking (three participants) and two participants reported tripping on a curb during 
walking in community areas.  No falls were related to turning activities.  All participants 
who fell reported experiencing minor injuries such as grazes and bruises, which did 
not require medical treatment. 
 
5.3.4 Adherence level to the individualised balance exercise program  
 
The level of adherence to the study intervention was determined based on exercise 
participation as recorded by participants in the exercise diary provided at the initial 
visit when intervention participants received details of their exercise program.  No 
compliance issues with completion of the exercise diary were reported.  High exercise 
adherence was classified as performing the prescribed exercises four or more times 








Table 5.3: Turning exercises for consideration for inclusion in the prescribed exercise program at each laboratory visit. 












90 degree turns on the spot (up to 
20 repetitions) 
Participant stands upright and feet 
shoulder width apart. Then, turns left foot 
90 degrees to the left, followed by the right 
foot. After that turn right back to initial 
position.  
Repeat this manoeuvre in the opposite 
direction.  
20    
Figure 8 walk (up to twice in each 
direction) 
Participant walks in figure 8 motion 
between two cones (or similar marker) at 
usual pace. 
34 33 32 31 
Step across body (10 repetitions 
each leg) 
Participant stands upright with feet 15 cm 
apart. Step the right leg across in front of 
left leg to land about 15cm outside the 
position of the left foot, balance, then step 
back to the starting position. Repeat with 
the left leg stepping. 
14 33   
Braiding (up to 15 steps and turn) 
 
Participant stands up tall. Then, move to 
side, cross right leg in front of left leg, bring 
left leg out to side, then cross right leg 
behind left leg and so on. Repeat along a 
corridor / sturdy bench. Repeat toward 
opposite direction 









Table 5.4: Laboratory measures of balances performance outcome measures at baseline and 16 weeks follow up between the 
intervention and control group. Analyses are adjusted for baseline difference in number of falls. 
Measures 





p value# Baseline Follow-up Baseline Follow-up 
Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Laboratory measures of 
balance 
       
SQT, worse side        
- turn sway (deg/sec) 50.30 (10.17) 41.72 (12.01) 54.12 (10.89) 52.74 (10.83) -7.58 ( -11.71 to -0.44) 0.78 0.006 
- turn time (sec) 2.33 (0.51) 1.81 (0.72) 2.46 (0.51) 2.34 (0.55) -0.33 (-0.58 to -0.08) 0.80 0.006 
mCTSIB,          
Composite sway (deg/sec) 0.50 (0.23) 0.31 (0.12) 0.47 (0.16) 0.53 (0.30) -0.11 (-0.18 to -0.03) 1.09 0.002 
LOS         
- reaction time, (sec) 1.20 (0.25) 1.13 (0.26) 1.32 (0.23) 1.29 (0.32) -0.14 (-0.25 to -0.02) 0.27 0.529 
- directional control, (deg/sec) 73.68 (8.24) 73.50 (9.60) 75.31 (6.751) 72.92 (9.47) -0.29 (-2.40 to 1.81) 0.02 0.154 
- maximum excursion 
composite score (% LOS) 
84.97 (8.8) 86.17 (7.87) 81.41 (11.42) 80.80 (9.50) 1.27 (-0.61 to 3.166) 0.14 0.444 
WA        
- step width (cm) 16.60 (3.45) 16.45 (3.47) 16.74 (3.05) 16.87 (3.75) -0.29 (-1.84 to 1.26) 0.04 0.832 
STS        
- COG sway (deg/sec) 2.51 (0.82) 2.69 (0.90) 2.48 (0.98) 2.95 (1.07) -0.11 (-0.49 to 0.27) 0.23 0.211 
Note. SQT=Step Quick Turn; mCTSIB=modified Clinical Test of Sensory Interaction of Balance; LOS=Limit of Stability; WA=Walk Across; STS=Sit 










Table 5.5: Physical activity, clinical balance and mobility performance outcome measures at baseline and follow up between 
groups. Analyses are adjusted for baseline difference in number of falls. 
Measures 





p value# Baseline Follow-up Baseline Follow-up 
Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Clinical measures        
Timed up and Go (sec) 10.4 (1.4) 9.8 (1.2) 10.7 (1.6) 10.7 (1.7) 0.31 (0.10 to 0.52) 0.47 0.012 
Timed up and Go with dual 
Task (sec) 
15.0 (2.5) 13.8 (2.3) 15.1 (2.7) 15.3 (2.9) 0.49 (0.03 to 0.94) 0.50 0.005 
Five Timed Sit-to-Stand 
Test (sec) 
12.6 (1.6) 11.9 (1.7) 12.4 (1.7) 12.2 (1.9) 0.40 (-0.06 to 0.85) 0.38 0.399 
Functional Reach Test (cm) 29.7 (4.7) 30.1 (4.4) 27.2 (6.0) 28.1 (4.9) -0.60 (-1.88 to 0.60) 0.09 0.873 
Step test, worse leg 
stepping (number of step/ 
15 sec) 
13.8 (2.5) 14.7 (2.4) 13.7 (2.7) 14.1 (2.4) 0.69 (-1.14 to -0.24) 0.37 0.230 
Human Activity Profile Adjusted 
Activity Score (HAPAAS), mean 
(SD, min-max) 
72.9 (5.9) 75.3 (6.4)  70.5 (7.5) 73.1 (7.5) 2.28 (0.81 to 3.75) 0.39 0.635 




or less times each week.  Twenty one of the 31 participants in the intervention group 
who completed the follow up assessment (67.7%) reported exercising four times or 
more each week, and the remaining 10 participants exercised three times per week. 
 
A subsequent analysis was carried out to identify whether there was any effect of 
higher exercise adherence on the turn outcomes: (1) turn sway (lower value indicates 
better balance during turning), and (2) turn time (shorter time indicated better turning 
performance) on the Step Quick Turn test on the Neurocom™ Balance Master.  An 
independent samples t- test was used to compare the turn sway (deg/sec) and turn 
time (sec) difference assessed at baseline and after 16 weeks intervention for high 
and low adherence groups.  Neither Shapiro Wilk statistic was significant, indicating 
that the assumption of normality was not violated.   
 
Results are shown in Figure 5.2 and Figure 5.3.  The t- test was statistically significant, 
with the high adherence group (M=14.70, SD= 10.14) achieving greater reduction in 
turn sway with the mean difference -12.07 degree/sec higher, 95% CI (-18.47, -5.67), 
than the low adherence group (M=2.63, SD= 7.02), t (32) =-3.850, p=0.001.  No 
significant mean difference was seen for turn time between these two groups 
(p=0.062).  These results highlight that participants with high adherence had a 
significantly better improvement on turning sway performance than those with lower 
adherence.  
 
Figure 5.2: Mean change in turning performance (turn sway) at baseline and 

































Figure 5.3: Mean change in turning performance (turn time) at baseline and 
reassessment by adherence level. 
 
5.4 Discussion  
 
The results of this study showed that 16 weeks of individualised home based exercise 
that included exercises targeting improved turning performance did significantly 
improve turning performance as reflected in decreased degree of sway and turn time, 
and improved Timed Up and Go, in a sample of adults aged > 50 years with reduced 
turning performance at study commencement.  To our knowledge, this is the first study 
that has targeted a sample of adults aged > 50 years with impaired turning 
performance, and incorporated specific exercises aiming to improve turning 
performance into a home exercise program. 
 
A number of studies have demonstrated improvement in general balance and 
mobility, and reduced falls with home exercise programs such as the Otago Exercise 
Program (Gillespie et al., 2012).  Rarely have these studies utilised turning 

























mild balance impairment (performance on a number of measures was similar to the 
sample in our study), Yang et al reported no improvement in the Step Quick Turn 
measures using the Neurocom™ Balance Master long force platform after a six month 
home exercise program.  The study by Yang and colleagues utilised the Otago 
Exercise Program and another commercially available program (Yang et al., 2012), 
but did not include a focus in the exercise program on including exercises to improve 
turning performance for all participants. 
 
Turning is a commonly performed task in daily life (Glaister et al., 2007; Sedgman et 
al., 1994), is a complex task requiring interplay between sensory and motor systems, 
and can be involved in falls circumstances for older people (Wright et al., 2012).  
Given these factors, turning performance is an important construct to be considered 
for both assessment and targeted intervention by health professionals.  In our study, 
the selection of participants for the exercise program required identification of 
impaired turning performance on an expensive force platform, which is not available 
in most clinical settings.  Turning performance has been assessed using different 
forms of gait analysis in a number of studies and different clinical samples, including 
in older people with neurological conditions such as Parkinson’s disease (Chen et al., 
2014).  However, in clinical settings, more simple clinical measures, without use of 
expensive analysis systems are needed. 
 
A 10 item scale has been reported as a clinical tool to measure turning performance 
(Dite & Temple, 2002a).  This test consists of nine movement items based on 
observation of the ability to perform a 180 degree turn.  Three items on this scale were 
(i) total turn score, (ii) turn step number, and (iii) turn time; and two were dichotomous 
items rated as yes or no on the ability to (i) initiate, and (ii) execute the turn.  This 
scale to measure turning was found to be both a reliable and valid clinical measure of 
turning while walking for older adults, discriminated between healthy and impaired 
older adults, and had good sensitivity for identifying multiple fallers (Dite & Temple, 
2002a).  Future research should investigate whether measurement of turning 
performance using this tool can classify turning impairment to a similar level to that 
achieved by the Neurocom™ Balance Master in our study. 
 
Few previous studies have investigated interventions to improve turning performance 
in older people or others at risk of falls.  One study utilised a novel approach of training 
turning ability on a specially designed treadmill apparatus (Chen et al., 2014) and 




limitation of this type of approach though, is that the apparatus is relatively expensive, 
and only one person can be trained at a time.  In contrast, the home based intervention 
approach used in this study can be safely and effectively implemented with relatively 
little health practitioner involvement. 
 
In addition, this study also investigated the important role of adherence to the home 
based exercise program.  Findings suggested that adherence rate and level of support 
plays an importance role to optimise the efficacy of the individualised home exercise 
program in improving turning performance in adults aged > 50 years old.  Even though 
there remains a lack of consensus in the research literature about the standard cut-
off point for sufficient adherence, generally a minimum of 70% adherence is regularly 
applied (Geraedts et al. 2014).  Therefore, in the current study, exercise adherence 
of 3 times per week (which was classified as low adherence), still demonstrates a 
fairly good level of exercise participation.  The dropout rate in our study was relatively 
low (seven percent), and the proportion of participants achieving full adherence was 
relatively high compared to many other exercise and fall prevention studies (Nyman 
& Victor, 2011).  Possible factors contributing to these high retention and low dropout 
rates may be the frequent follow up phone calls between visits, and the reasonably 
good functional status of the sample. 
 
The study had several limitations.  These included that the participants were recruited 
from a single organisation on a volunteer basis, which may restrict the generalizability 
to the wider population.  In addition, the data used to define cut offs in the turning task 
on the Neurocom™ Balance Master were based on an American sample, and it is 
possible that cut offs may be slightly different in an Asian sample such as was used 
in our study.  However, data is compared to age and height referenced norms within 
the system.  In addition, there may have been value in including executive function 
assessment in this sample, given the association between balance impairment and 
executive function (Muir et al., 2013).  A further limitation was that the study used the 
Step Quick Turn assessment on a computerized force platform using a standard 
protocol that may constrain the normal variability in turning seen in “real life”.  Future 
studies may consider evaluating the usefulness of simple clinical measures to quantify 
turning impairment, include equal contact time between participants and the 
researchers for both groups, and should utilise a larger sample and be sufficiently 
powered to evaluate the effect of this type of intervention on reducing falls.  Future 




benefits after completion of the formal exercise program, and may explore 
associations between turning performance and biomechanical markers of poor 
balance. A limitation of the method of reporting adherence in this study was the 
participant’s adherence was based on whether or not exercising occurred on each 
day, not how many exercises were performed each day. Future studies should also 




In conclusion, this study has demonstrated that a home based exercise program 
incorporating exercises to improve turning performance resulted in improved turning 
performance in a sample with pre-existing impaired turning performance.  Clinicians 
should consider including assessment of turning ability in their assessment of older 
people with falls risk, and utilise exercises challenging stability during turning in a 











6.0  Introduction 
 
This chapter discusses the overall findings from the studies reported in this thesis, 
and identifies the clinical implications of these findings, the strengths and limitations 
of the studies, and includes recommendations for potential future research directions.   
 
6.1  Major findings on prevalence of falls and fall risk assessment among 
community dwelling Malaysians aged 50 years and above 
 
The aims of this thesis were to provide baseline information of prevalence and 
circumstances, and contributory risk factors associated with falls (using a detailed fall 
risk assessment), and to evaluate outcomes associated with a novel exercise 
intervention in improving balance impairment (in particular, focussing on turning 
performance) among community dwelling Malaysian adults aged 50 years and above.   
 
Over the last three decades, a substantial number of epidemiological studies of falls 
and associated risk factors been conducted.  The majority of this research has 
occurred among western populations, but there has been a small amount of recent 
research focus on these topics in Asian populations.  It has become apparent that 
there is a crucial need to identify the magnitude of falls and contributory risk factors 
in different populations, given the substantial individual, environmental, societal, 
cultural, and health system differences between countries.  Previous research has 
highlighted that several factors such as differences in falls definition applied in the 
falls studies, methodologies, environment and cultural perspectives in different 
populations and regions have contributed to the variations of falls rates between 
countries, with lower rates commonly reported in Asian countries (Dsouza et al., 2014; 
Hua et al., 2007; Krishnaswamy & Usha, 2006; Kwan et al., 2011a). 
  
At the time the research for this thesis commenced (in 2011), there was limited 




effective fall prevention interventions (randomised controlled trials) had been 
conducted among Malaysian older adults living in the community.  Additionally, there 
is increasing evidence that management strategies should be designed within the 
context of local need, be culturally appropriate (Organisation, 2007) and in parallel to 
the relevant primary and public health care systems (Hamid et al., 2012), in the case 
of this research – in Malaysia. 
 
The results of the cross-sectional prevalence study (n=156) of falls, circumstances 
and associated risk factors for falls among Malaysian community dwelling adults aged 
50 years and above is reported in detail in Chapter 4.  Retrospective recall of falls in 
the previous 12 months indicated that falls are a common problem for the Malaysian 
older population.  The prevalence rate in the studied sample was 31%, which is 
consistent with most western studies (Blake et al., 1988; Cesari et al., 2002; Holt et 
al., 2011; Milat et al., 2011; Tinetti & Williams, 1998) and considerably higher 
compared to previous falls studies reported from neighbouring areas of the region 
such as Thailand, Taiwan, Korea, Hong Kong and Singapore (Chan et al., 1997; 
Chang et al., 2010; Chu et al., 2005; Kwan et al., 2011a; Shin et al., 2009a; Sohng et 
al., 2003).  Thus, this study provided new insights about falls among community 
dwelling adults aged 50 years and above in the Malaysian context.    
 
Factors such as understanding the meaning of falls, methodologies applied in the 
previous studies as well as cultural perspectives might be factors contributing to the 
variation in falls rate between Asian studies.  Most of the studies conducted in the 
Asian region are focused on Chinese populations, whereas the majority of the 
participants in the present study were Malays (with some Indian and Chinese 
participants).  These ethnic differences between samples could be an important 
factor, for example, a relevant falls study in Singapore has shown that Malays had a 
higher rate of falls compare to the Chinese group of participants (Chan et al., 1997).  
Another contributory factor to these observed differences may be related to some 
Chinese populations viewing that a fall is a disgraceful event, and as such, they are 
less willing to share with others about falls (Shin et al., 2009a).  Furthermore, Chinese 
populations have been reported to have higher concern of falls compared to western 
populations (Kwan et al., 2013a).  Because of the ethnic and cultural diversity among 
the Malaysian population, there is justification for greater understanding and further 
investigation on behavioural, life style, and health factors related to falls across and 





Most commonly identified falls risk factors in this sample of community dwelling 
Malaysians aged over 50 years were depression, back pain, reduced contrast 
sensitivity, and turning impairment.  The majority of the risk factors identified were 
similar to those reported in other Asian and non-Asian counties.  There were however, 
some differences, for example, in contrast to previous reports (Ambrose et al., 2013; 
Assantachai et al., 2003; Chang & Do, 2015), socio demographic variables such as 
age and gender were not significant risk factors for falls in the present study.  One 
important and novel finding from the comprehensive balance assessment suite using 
a force platform was that impaired turning performance differentiated fallers from non-
fallers.  While turning is an activity that has been implicated in some falls, it is rarely 
assessed or focussed on in terms of intervention.  
 
In contrast to most previous research, this study also indicated that falls were 
prevalent among the younger-old age group.  Those in the group aged 50-59 years 
experienced more falls compared to the older age group.  A small number of previous 
studies have reported a similar finding, for example Painter et al., 2009 found that 
72% of total falls occurred among those aged 50 to 60 than those in older age groups.  
However, most of the participants aged 50 to 60 in the study by Painter and 
colleagues were reported to be homebound and less active due to disability resulting 
from medical conditions.  This finding is also consistent with another Asian study that 
reported the younger age groups experienced more falls (Sohng et al., 2003).  A 
possible explanation for this increased risk with younger-old participants is the higher 
level of physical activities, and engagement in more vigorous activities compared to 
older groups (Talbot et al., 2005), a finding also seen in the current research study.  
This may increase exposure to falls risk, as detailed in Chapter 4.1.3.  Moreover, falls 
during vigorous activities could increase the momentum of the body at the time of 
impact in a fall, and result in greater severity of fall related injuries (Hill et al., 1999), 
and younger age groups have been reported to have a higher proportion of injurious 
falls than older age groups (Hong et al., 2010). 
 
The present study also demonstrated that a detailed falls risk assessment battery 
supported by a range of physical, health status, psychological, and a combination of 
clinical and laboratory measures of balance provided valuable information about risk 
factors to inform suitable fall prevention interventions which have rarely been 
investigated among Malaysia’s older population (Rizawati & Mas Ayu, 2012; Sazlina 
et al., 2008).  Additionally, factor analysis was used to define an abbreviated suite of 




balance performance associated with falls risk for older people in Malaysia.  This set 
of clinical physical performance and balance measures incorporating static and 
dynamic components are recommended when assessing balance and mobility 
performance.  Further research could be undertaken to establish normative data for 
some of these measures where norms have not been established in Asian countries. 
 
Similar to the present study, trips and slips while walking or turning have been shown 
to be the most prevalent causes for falls (Glaister et al., 2007; Yamaguchi et al., 2012).  
This, combined with the identified turning stability impairment in the present study 
highlights that balance impairment in turning is a common problem, with those who 
had balance impairment in turning having three times the risk of having a fall.  This 
finding has provided new information in falls research and has important clinical 
implications due to the importance of turning in daily tasks (Dite & Temple, 2002a; 
Glaister et al., 2007).  Given the importance of turning and the strong association in 
predisposing older people to falls and associated injuries, an appropriate exercise 
intervention which aims to address the specific balance impairment of turning 
warrants investigation.   
 
6.2  Effectiveness of an individualised home based exercise intervention 
with a focus on turning performance 
 
A single blind randomised controlled trial was conducted to identify the effectiveness 
of a home based exercise program that included a focus on turning performance, on 
improving balance among community dwelling adults aged 50 years and above who 
were assessed as having impaired turning performance (Chapter 5).  Primary findings 
demonstrated that the 16 weeks individualised home based exercise intervention was 
effective in improving balance and mobility impairment, including turning 
performance, among those with turning balance impairment.  Significantly improved 
turning performance as reflected in decreased degree of sway and turn time, and 
improved Timed Up and Go were achieved, in a sample of 68 adults aged > 50 years 
(34 in the intervention and 34 in the control group).  From a physiotherapy perspective, 
this study has value added to the role of home based exercise intervention programs 
by incorporating turning exercises, which have rarely been investigated to improve 
turning performance previously.   
 
Furthermore, this type of home based exercise intervention appears to be a suitable 




(Rejeski et al., 2013; Rejeski et al., 2007).  The results of this study highlight that this 
type of exercise intervention is also acceptable in the Malaysian context.  The 
adherence to the intervention program in the current study participants was relatively 
high compared to many other exercise and fall prevention studies (Nyman & Victor, 
2011; Nyman & Victor, 2012).  A possible explanation for the high adherence rate 
observed in this study may be due to the better physical and functional status, and 
higher socio economic status of the sample (Picorelli et al., 2014).  Further, the study 
results suggested that the level of support by the researcher may play an important 
role in the relatively high adherence rate, and may also be a factor enhancing the 
likelihood of the efficacy of the individualised home exercise program in improving 
turning performance in adults aged more than 50 years of age.   
 
6.3  Clinical implications 
 
The present studies demonstrate that falls are a common health problem among 
community dwelling Malaysians aged 50 years and above, with the proportion of 
fallers comparable to most western studies.  Given this high prevalence, and the very 
limited focus on falls prevention in Malaysia currently, there is a need for developing 
programs to address falls risk across various avenues to ensure wide reach to the 
growing ageing population in Malaysia.  This may involve working through doctor’s 
clinics, out-patient services, community and health promotion services, and may also 
involve education and screening approaches through groups such as that involved as 
participants in the studies for this thesis – people involved in University of the Third 
Age.  In addition, falls were most prevalent among the younger-old participants.   
Therefore, a routine risk assessment including physical and clinical assessment of 
balance should be carried out for people aged 50 years and above in Malaysia, 
regardless of gender, as an attempt to reduce falls and the serious consequences of 
fall related injuries among older Malaysians.   
 
The abbreviated suite of clinical assessment of balance incorporating static and 
dynamic component items for physical performance associated with falls risk provides 
clinicians with a brief set of tests to determine the presence and magnitude of 
impairment that can inform in particular exercise related interventions.  Sit to stand, 
timed up and go test (dual task), functional reach test and step test are the 
recommended clinical measures of balance and mobility among this studied 
population.  Furthermore, the key finding of turning impairment identified in this study, 




risk assessments.  In addition, the FROP-Com provides a relatively brief but overall 
indication of falls risk across the range of most common risk factors, and was useful 
in the studied population.   
 
The identification of turning impairment in this study as a contributor to falls risk is an 
important finding for clinicians, as it is generally not part of a physical performance 
assessment by physiotherapists of older people at risk of falling.  However, the 
findings from the risk factor study, and the effectiveness of the targeted exercise 
intervention in addressing this risk factor, highlight the need for it to be considered in 
assessment batteries of physical performance and falls risk.  However, the 
comprehensive force platform assessment of turning performance used in this study 
is not feasible for wide-spread clinical use, so there is a need to further evaluate other 
simple clinical methods of assessing turning ability for this screening purpose, such 
as a 10 item scale clinical tool to measure 180 degree turning performance (Dite & 
Temple, 2002a).  This test was found to be reliable and valid as a clinical measure of 
turning while walking for older adults (Dite & Temple, 2002a).  Furthermore, the 
observation of the type of turning strategy such as spin or step turn, time taken to 
perform turning and number of steps taken also could be used as parameters in 
identifying tuning performance, but warrant further investigation in the falls risk 
context.   
 
These studies also demonstrated the effectiveness of an established home based, 
individualised falls prevention program (the Otago Exercise Program), combined with 
additional exercises to specifically train turning performance, as being effective in 
improving turning ability.  Clinicians need to broaden their current exercise 
approaches to include turning related exercises, for those with identified turning 
impairment.  
 
In summary, the main clinical implications from these studies are that clinicians should 
consider including assessment of turning ability in their assessment of older people 
with falls risk, and utilise exercises challenging stability during turning in a 
rehabilitation plan for those identified with turning impairment. 
 
6.4  Strengths and limitations of these studies 
 
A strength of the studies presented in this thesis included the comprehensive nature 




was important given the paucity of risk factor data available to date on falls risk among 
Malaysians aged over 50 years.  A further strength was the use of randomised 
controlled trial methodology consistent with the CONSORT statement, including use 
of concealment, single blind (assessor), eligibility criteria for participants included in 
the study, and diagram flow of participants through the trial.  Concealment of group 
allocation was also utilised.  The sample size was determined through a priori 
calculations.  In addition, to reduce bias and improve power for the analysis, the 
consideration on missing data of the sample during follow up has been made through 
using the last value carried forward (LOCF) method (Molnar et al., 2008).   
 
Though the studies in the present thesis have achieved the aims, there are a number 
of limitations that have been identified and discussed in previous chapters.  However, 
the relevant main limitations are also stated below: 
 
i. Data obtained in the cross-sectional study was based to retrospective recall 
of falls in the previous 12 months, which may result in under reporting of falls.  
Thus, in future, prospective studies are warranted to draw a robust finding for 
the incidence and predictors for falls among Malaysian older adults in the 
community setting, and to verify the findings from this study.   
 
ii. Generalisability of the findings may be limited as participants were recruited 
on a voluntary basis, so there is a potential bias as it may not accurately 
represent the overall population of community dwelling Malaysians aged over 
50 years.   
 
iii. Selection of participants for the exercise program in the RCT required 
identification of impaired turning performance on an expensive force platform, 
which is not available in most clinical settings.  More simple clinical measures 
to evaluate turning performance, without use of expensive analysis systems, 
are needed. 
 
iv. Data used to define cuts offs in the turning task were obtained from laboratory 
measures of balance using data provided in the Neurocom™ Balance Master 
database (normative age and gender matched), which were based on an 
American sample.  It is possible that cut offs may be slightly different in an 




to age and height referenced norms within the system.  In addition, there may 
have been value in including executive function assessment in this sample. 
 
v. As falls often result from interaction of intrinsic and extrinsic factors, evaluation 
of environmental risk may offer additional perspectives for a holistic view and 
understanding into fall risk factors in the studied sample.  Future falls 
prevention studies of older community dwelling Malaysians should include a 
focus on environmental contributors to falls risk.  
 
6.5  Future research direction  
 
The findings presented in this thesis provide some important baseline information for 
falls prevention in the Malaysian context.  Nonetheless, falls prevention research and 
practice in Malaysia is at a very early stage of development.  There is a need for 
consideration of innovative approaches to fall prevention, that take into account local 
factors to support applicability, acceptability and availability, and for these to be 
evaluated in the context of rigorous randomised trials, with specific tailoring to 
maximise local uptake and sustained participation.  There is also the need for an 
economic evaluation of the effective exercise approach utilised in the RCT in this 
thesis, to ensure it is cost effective in the Malaysian context.  Similarly, cost 
effectiveness should be considered in other types of interventions being evaluated in 
Malaysia and other Asian countries, as these outcomes will vary substantially 
because of differences in costs and type of services available, compared to developed 
countries.  A qualitative approach to investigate acceptability and feasibility study of 
the exercise intervention more widely among older Malaysians could be an important 




Assessment of fall risk assessment is important to identify with consideration to local 
specific risk factors and to guide appropriate intervention.  Despite a considerable 
number of studies on fall prevention that have been carried out, falls remain a 
significant problem associated with disability among community dwelling older people 
in both developed and developing countries.  The findings of the present studies 
reveal new insights into the circumstances, consequences and correlates of risk 




among active community dwelling Malaysians over the age of 50 years.  Findings also 
highlighted that one of the main factors discriminating fallers from non-fallers that has 
rarely been investigated in the past is unsteadiness during turning activities, and this 
risk factor warrants further investigation in terms of contributory factors and potential 
interventions.  Study results also demonstrated that implementation of an 
individualised home based exercise program to improve specific turning balance 
impairment can be effective in improving turning performance.  Finally, the study 
findings highlight the need for a strong focus on fall prevention in the primary 
healthcare system, including developing and implementing culturally appropriate and 
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